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s p e c if ic  fo r  type  1 cPOE.

The In h ib i t o r ,  th e o p h y llin e  (50 mM) was not as p o ten t an 

In h ib i to r  as MIX (100 uM) which was as expected and In  

accordance w ith  re p o rts  In  th e  l i t e r a t u r e  (see  In tr o d u c t io n ) .

Of In te r e s t ,  though, th e o p h y llin e  showed d i f f e r e n t ia l  

in h ib i t io n  o f th e  cPOE a c t i v i t y  bands In  m urine mammary tumour 

t is s u e  depending on which s u b s tra te  was used (see F ig s . 2 :1a  

and 2 :1 b ) . Of th e  two In h ib i to r s  fo r  type I  cPOE, 

t r i f lu o r o p e r a z in e  a t  a c o n c e n tra tio n  o f 1 mM was found to  

s u b s ta n t ia l ly  In h ib i t  th e  so lu b le  cPOE forms In  a l l  th e  crude 

t is s u e  c y to so ls  suggesting th a t  most o f th e  s o lu b le  cPOE 

a c t i v i t y  bands observed were ca lm odulin -dependent. I t  1s 

p o s tu la te d  th a t  t r i f lu o r o p e r a z in e  binds re v e rs lb ly  to  th e  

a c t iv e  form o f  calm odulin  and thus b locks th e  a c t iv a t io n  o f the  

typ e  I  cPOE (W o lf f  and Brostrom 1 9 7 9 ). A lthough calm ldazo llum  

is  considered to  be a much more p o ten t In h ib i to r  o f typ e  I  cPOE 

than t r if lu o r o p e r a z in e  in  the o rd e r o f about 500 fo ld  (Van 

B e lle  1984 ), ♦here was l i t t l e  in h ib i t io n  o f  th e  cPOE a c t iv i t y  

In  crude c y to so ls  a t  the  co n c e n tra tio n  te s te d  (5  uM), 

p a r t ic u la r ly  in  the case o f  cQMP h y d ro ly s is  (T ab les  2 :5 , 2 :6 ,  

2:7  and 2 :8 ) .

A lthough the  m a jo r ity  o f th e  s o lu b le  cPOE a c t iv i t y  was 

a scerta in ed  to  be calm odulin -dependent ( th e  type I  cPDE 

c la s s i f ic a t io n )  th e re  was no fu r th e r  a c t iv a t io n  o f cPOE 

a c t i v i t y  when calm odulin  1n th e  presence o f calcium  1on was 

added e ith e r  to  crude c y to s o ls  o r to  the In cu b atio n  medium, 

suggesting th a t  the c y to so ls  conta ined  s u f f ic ie n t  endogenous
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ca lc iu m /c a lm o d u lin , fu rth e rm o re , a c tiv a te d  calm odulin  remained 

bound to  type  I  cPDE d u rin g  both th e  po lyacry lam ide  

e le c tro p h o re s is  stage and in cu b atio n  s tep .

F in a l ly ,  In  th e  o v e ra ll comparison o f the  m o lecu la r masses o f  

th e  s ix  cPDE m ig ra tin g  forms th e re  were no enzymes th a t  had 

m olecu lar masses o f less  vhan 169000 d a lto n s  (T a b le  2 :1 1 )  

e it h e r  c a lc u la te d  from Ferguson p lo t  o f po lyacry lam id e  g e ls  o r  

by l in e a r  po lyacry lam ide g ra d ie n ts  o r by gel f i l t r a t i o n .

C le a r ly , th e  so lu b le  cPDE enzymes In  the f i v e  murine t ls '-u e s ,  

when examined s im u ltan eo us ly , r o t  p re v io u s ly  done to  my 

knowledge, possess both s im i la r i t ie s  and d if fe re n c e s . I t  would 

th e re fo re  be o f va lu e  to  d iscuss the  fin d in g s  o f  the  cPDE 

a c t iv i t i e s  In  the In d iv id u a l tis s u e s  and compare my re s u lts  

w ith  fin d in g s  In  the l i t e r a t u r e .  Since cPOE enzymes are  both 

present in  sm all q u a n t i t ie s , In  a d d it io n  to  being  la b i le ,  th e re  

has been very  l i t t l e  published on th e  enzyme In  m urine tis s u e s  

and thus most comparisons w i l l  be based on th e  same tis s u e s  but 

in  d i f f e r e n t  mammalian spec ies .

Murine b r a ln : -

The tis s u e  which e x h ib ite d  the h ig h est s p e c if ic  a c t iv i t y  fo r  

s o lu b le  cPDE (both  cAMP and cGMP h y d ro ly s is  a t  co ncen tra tio n s  

o f 1 and 100 uM) was the  murine b ra in . This  was a lso  tru e  fo r  

the  cPDE a c t iv i t y  s ta in  observed 1n the nor,-denaturing  

polyacry lam ide  e le c tro p h o re s is  g e ls  and In  th e  cPDE enzymes 

e lu to d  from th e  excised a c t iv i t y  band. Th is  o bserva tio n  Is  

co n s is te n t w ith  com parative f in d in g s  in  b ra in  tis s u e  o f bovlnes  

and ra ts  (S tra d a  e t  a l .  1984). Indeed, s ince  th e  s o lu b le  cPOE
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a c t iv i t y  In  mammal Ian  b ra in  1s so s u b s ta n t ia l ly  g re a te r , most 

o f th e  homogenous p re p a ra tio n s  o f  cPDE enzymes have beon 

attem pted on cerebellu i-i iM o r r l l  e t  a l .  1978; Sharma a t  a l .

1980; Hansen and Beavo 1982; K incaid  and Vaughan 1 983 ).

The '■on-denaturing p o lyacry lam ide  gel e le c tro p h o re s is  

experim ents c o n s is te n tly  demonstrated one la rg e , somewhat 

d if fu s e  band associa ted  w ith  s o lu b le  m urine b ra in  f r a c t io n  w ith  

Rf range o f 0 .2 9 -0 .3 5  w hich, m  f a c t ,  rep re ran ted  i  range 

th a t was common to  th e  o th e r fo u r t is s u e  s o lu b le  cPDE forms 

stud ied  (T a b le  2 :4 ) .  This la rg e  cPOE a c t iv i t y  band was observed  

over p o lyacry lam ide  c o n cen tra tio n  range o f 5% to  8%. When 

1in e a r-g ra d le n t po lyacry lam ide  gel e le c tro p h o re s is  was 

pet formed on the  e x tra c ts  o f m urine b ra in , however, th re e  forms 

o f s o lu b le  cPDE were c le a r ly  v is ib le  (F ig .  2 :7 )  and they had a 

range o f m olecu lar masses o f 169000 to  2^9000 dal tons (T ab le  

2 : 11).

E a rly  s tu d ie s  on th e  so lu b le  cPOE forms In  rat: cereb e llu m , 

using p re p a ra tiv e  non -denaturing  po lyacry lam ide  

e le c tro p h o re s is , demonstrated s ix  peaks o f  cPOE a c t i v i t y ,  on ly  

two o f which were calm odulin-dependent (Uzonov and Weiss 1972; 

Weiss e t  a l .  1974). U n fo r tu n a te ly , u ltra s o n ic a t lo n  was used In  

the  p re p a ra tio n  o f th e  tis s u e  by Uzonov and co -w orkers . A la t e r  

study by Pledger am asso c ia tes  (P led g er e t  a h  1974), using  

Is o e le c tr lc fo c u s ln g , demonstrated only  th re e  peaks o f so lu b le  

cPOE a c t iv i t y  In  non-son lcated  r a t  cerebellum  as averse to  6 

bands in sonicated  t is s u e . These th re e  o th e r forms th a t  a r is e  

as a re s u lt  o f son 1 c a tio n , which 1s a harsh procedure, might



represen t membrane-bound cPDE enzymes a n d /o r p r o te o ly t ic  forms 

d erived  from th e  presence o f  lysosomal enzymes re leased  rrom 

th e  ruptured  membranes o f lysosomws. No m o lecu lar mass 

d e te rm in a tio n s  o f th e  cPDE forms were rep o rted  (P le d g e r e t  a h  

1974), although th e  th re e  re s p e c tiv e  p i va lues  were shown V  be 

4 .8 ,  6 . 1  and 8 .2 .

The p ro p e rtie s  o f th e  p u r if ie d  so lu b le  type  I  c.’DE forms 1n 

bovine b ra in  which rep resen t th e  n a jo r l t y  o f the  s o lu b le  enzyme 

a c t iv i t y  has been e x te n s iv e ly  covered (see s e c tio n  on Type I  

cPDE enzymes In  th e  In tr o d u c t io n ) . The most recen t work 

In d ic a te s  th e  presence o f a t  le a s t  two subunits  o f  60000 and

63000 d a lto n s  In  th e  n a tiv e  enzyme o f th e  s o lu b le  type  I  cPDE th a t

can e x is t  In  th re e  dim er form s, th a t  Is ,  two homodimers o r one 

heterodim er (Sharma and Wang 1 986 ). The th e o r e t ic a l m olecu lar  

masses, assuming 16000 d a lto  s per m olecule o f ca lm odulin  and

two m olecules o f ca lm odulin  1n the  holoenzyme would f a l l  w ith in

the range o f 152000 to  158000 d a lto n s . I t  should be noted a t  

th is  p o in t th a t s ince  b ra in  t is s u e  is composed o f d i f f e r e n t  

c e l l  types and e x h ib its  marked d if fe re n c e s  In  cPOE a c t iv i t y  1n 

varlCus o ra ln  areas (Yang e t  a h  1981) th e  th re e  1n v i t r o  

isoenzymes might not r e f le c t  th e  In v i vo  s i tu a t io n  In  the  

d if f e r e n t  c e l l  ty p e s . N ev e rth e le s s , In  mouse b ra in , I  have 

detected  a t le a s t th re e  s o lu b le  forms o f  cPDE a c t iv i t y  by In 

v i t r o  methods and, In  a d d itio n  to  being s tro n g ly  In h ib ite d  by 

t r i f lu o ro p e ra z in e  (1 mM) suggesting th a t  th e  m a jo r ity  o f  the  

cPOE a c t iv i t y  to  be type I ,  the  m olecu lar mass range was 169000 

to  209000 d a lto n s . My fin d in g s  do n o t, th e re fo r e , d i f f e r  much



from those reported in bovine ana ovine brain.

Murii » kidney
There nas been very little reported in the literature on the 

soluble cPDE enzymes in kidney tissue. The most notable reports 

are those of Thompson and associates (Thompson e t  a l . 1979; 

Epstein et a l . 1982 <b)) which have described the purification 

of the soluble type IV (cAMP-specific) cPDE which is usually 

reported tc be membrane bound (see section on type IV cPDE in 

the Introduction). The type IV enzyme which preferentially 

hydrolyzes cAMP and has a molecular mass of about 60000 daltons 

was not detected by the methr»n used in my studies on murine 

kidney cytosols. I did, however, detect at least three --luble 

kidney cPDE forms OFig. 2:6) on ron-denatur i.g polyacrylamide 

gel electrophoresis and calculated, by Ferguson plot, the 

molecular masses to be 245000. 282000 and 395000 respectively 

(Table 2:12). These masses were somewhat higher than those 

calculated from non -denaturing polyacrylamide gradient gel 

electrophoresis iTable 2:11). Later, similar experiments based 

on human tissue which exhibited similar Rf ranges of cPDE 

activity to those of the kidney activity bands but, where I 

used special protein standards (Sigma) for Ferguson plot 

analysis, stiowed lower molecular mass values more closely 

resembling the data derived from the gradient gels (Table 

2 : 11).

It could be argued that band 1 of kidney (Rf range 0.095-0.11) 

represents an aggregate of band 3, whereas the band 2 kidney 

form tRl range 0.4 0.28) was most probably a discrete enzyme
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barause of its lack of inhibition by HUTA (Fig. 2:6). The 

crude cytosolic kidney cPDE enzyme activity was strongly 

inhibited by trifluoroperazine (1 mh) suggesting the majority 

of the soluble kidney cPDE enzyme activity to be 

calmodulin-dependent.

Murine Liver
I detected at least two forms of cPDE in cytosols of murine 

liver iFig. 24a). The calculated molecular masses by Ferguson 

plot were 226000 and 233000 daltons respectively (Table 2:12) 

although, as I stated previously for the kidney forms, the 

molecular masses are probably somewhat lower. The cPDE activity 

of crude liver cytosols was strongly inhibited by 

trifluoroperazine indicating the majority of the cPDE activity 

to be type I. Nonetheless, the band 1 form of liver (Rf range 

0.24-0.28) was relatively impervious to the presence of EOTA (1 

mM), a chelating agent, whereas band 2 was largely inhibited. 

Much work on liver cPDE activities has been focussed on the 

particulate forms <,Loten 1983; Pyne e t  a l . 1987) although there 

nave been some fairly recent publications on the soluble cPDE 

enzymes of liver which will be summarized as follows.

Four forms of cPDE have been described in either rat hepatoma 

or normal rat liver (Turnbull a t  a l . 1984) although closer 

inspection of thfir methodology revealed that Turnbull and 

associates had subjected the liver hor.ogenates to sonication. 

Others have reported 2 forms of cPDE in rat liver supernatant, 

one of them a typo I cPDE with a mass of 150000 daltons and the 

other a calmodulin-independent form with a mass of 325000
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d a lto n s  (S tre w le r  e t  a l .  1 983 ;.

One form o f l i v e r  cPDE has been p u r if ie d  to  apparent 

homogeneity and I t  resembles th e  Type I I  cPDE. The enzyme Is  

cO M P-stim ulated, calm odulIn -In dep en d ent w ith  a m o lecu la r mass 

o f about 201000 d a ltons (Yamomoto e t  a l .  1983).

I  am unable, a t  p re s e n t, to  comment on th e  p o s s ib le  presence o f  

a type  I I  cPDE form In  one o f th e  two m ig ra tin g  forms o f  U v e r  

cPDE I  observed on po lyacry lam ide  g e ls  although I t  m ight be the  

band 1 form (Im perv ious to  EDTA). However, th e  maximum 

s tim u la tio n  o f type  I I  cPDE occurs a t  cAMP co n c e n tra tio n s  o f 10 

uM (M a rtin s  e t  a l .  1982) which I  found to  be to o  low to  g ive  

adequate s ta in in g  o f a l l  th e  cPDE forms using my methodology 

(see lower r ig h t  p la te  F ig . 2 :4 b ) which would p rec lude  th is  

p o s s ib i l i t y .  By load ing  a h ig h er p ro te in  co n c e n tra tio n  on the  

ge ls  (5  mg p ro te in /m l o f m urine h e a rt cytosol In s te a d  o f  2 mg/ 

ml in  60 ul a l iq u o ts ) ,  however, I  was ab le  to  perform  

experim ents a t  s u b s tra te  co n cen tra tio n s  o f 10 uM In  h e a rt  

c y to so ls  (see below ).

M urine h eart

E a rly  s tu d ies  o f  the s o lu b le  cPDE enzymes In  bovine hr t  

demonstrated two forms (Goren and Rosen 1972). A la t e r  re p o rt  

by D onnelly and asso c ia tes  (D onnelly  e t  a l .  1978) concluded  

th a t ,  although th re e  forms o f  so lu b le  cPDE were e lu te d  from  

D E A E -ce llu lose , the  one peak represented  a m ix tu re  o f th e  o th er  

two enzymes and was th e re fo re  not. a d is c re te  enzyme. S ince  

those e a r ly  p u b lic a t io n s , In d iv id u a l forms o f s o lu b le  cPDE 

enzymes from mammalian h e a rt tis s u e s  have been p u r if ie d  to
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a p p a r e n t  h o m o g e n e i t y :  a  s o l u b l e  cP D E  t y p e  1 e n z y m e  f r o m  b o v in e  

h e a r t  1H0  s i .  1 9 7 7 ;  L a  P o r t e  e t  a l .  1 9 7 9 )  w i t h  a p p a r e n t  

m o le c u la r  m a s s  r a n g e  o f  1 1 4 0 0 0 - 1 5 0 0 0 0  d a l  t o n s ;  a n d  a  t y p e  I I  

cPC E e n z y m e  f r o m  b o v in e  h e a r t  w i t h  a  m o le c u l a r  m a ss  o f  2 4 0 0 0 0  

d a l  t o n s  1M a r t i n s  e t  a l .  1 9 8 2 ) .  I n  a d d i t i o n  t o  t h e  p u r i f i c a t i o n  

s t u d i e s ,  t h e r e  h a v e  b e e n  so m e  r e p o r t s  b a s e d  o n  

i s o e l e c t r i c  f o c u s i n g  o f  c r u d e  r a t  h e a r t  c y t o s o l s  (N em oz e t  Si .  

1 9 8 1 ;  1 9 8 3 ) .  T h e  i s o e l e c t r i c f o c u s i n g  s t u d i e s ,  h o w e v e r , 

y i e l d e d  s o m e w h a t a m b ig u o u s  f i n d i r g s  i n  t h a t  t h e  e a r l i e r  r e p o r t  

d e m o n s t r a t e d  s e v e r a l  f o r m s  o f  s o . ' i b l e  b o v in e  h e a r t  cP D E  e n z y m e s  

o n l y  t h r e e  o f  w h ic h  w e r e  s h o w n  n o t  t o  b e  i n t e r c o n v e r t i b l e .  

W h e re a s  t h e  l a t e r  s t u d y  IN e m o z  e t  s i .  1 9 8 3 ) ,  w h ic h  d e s c r i b e d  a  

s e c o n d  i s o e l e c t r i c f o c u s i n g  s t e p  o f  t h e  t h r e e  p o o le d  p i  ,T e a k s  

4 . 9 ,  5 . 4 5  a n d  5 . 6 - 6 . 0 ,  s h o w e d  4  m a jo r  cPDE f o r m s  w i t h  

r e s p e c t i v e  p i  v a lu e s  o f  4 . 9 ,  5 . 7 5 ,  a . 9  a n d  6 . 2 .  I n  t h e  l a t t e r  

s t u d y  (N em oz (ft a l .  1 9 8 3 ) ,  i t  w a s  d e d u c e d  t h a t  t h e  p l = 4 . 9  b a n d  

r e p r e s e n t e d  a  t y p e  I cPDE a n d  t h e  p i  b a n d s  5 . 9  a n d  6 . 2  w e r e  

f o u n d  t o  b e  t h e  c A T P - s p e c i f i c  t y p e  IV  cPDE e n z y m e s .

I n  m u r in e  h e > a r t ,  I  w a s  u n a b le  t o  d e t e c t  a n y  t y p e  IV  e n z y m e s  

t t h a t  i s ,  o n l y  h y d r o l y z i n g  c A h P )  a s  h a s  b e e n  r e p o r t e d  i n  r a t  

r e a r t s  (M o s e s  e t  a l .  1 9 8 7 )  b u t  a t  l e a s t  t h r e e  d i s t i n c t  f o r m s  o f  

s o l u b l e  cP D E  e n z y m e s  w e r e  d e m o n s t r a t e d .  T h e  b a n d  1 h e a r t  f o r m  

( F i g .  2 : 4 a )  w i t h  R f  r a n g e  0 . 1 2 - 0 . 1 4  ( T a b le  2 : 4 )  w a s  u n iq u e  t o  

m u r in e  h e a r t  t i s s u e . T h e  c a l c u l a t e d  m o le c u l a r  m a s s e s  f r o m  b a n d s  

1 t o  3  w e r e  24 /buu O , 2 2 5 0 0 0  a n d  2 2 7 0 0 0  d a l  t o n s  r e s p e c t i v e l y .  T h e  

l a t t e r  tw o  e n z y m e s  w e r e  o f  s i m i l a r  m o le c u la r  m a ss  b u t  e x h i b i t e d  

d i f f e r e n t  c h a r g e s  a n d ,  f u r t h e r m o r e ,  c l o s e l y  r e s e m b le d  t h e  tw o
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i u. ronrr. observed in the murine liver cytosolm with the band 

2 form impervious to EDTA (Fig. 2:6). Notable, was the 

observation that the cPDE activities of the crude cytosols of 

murine heart were least inhibited in the presence of 1 mh 

trifluoroperazine (for both cAMP and cGMP) compared to the 

other murine tissue cytosols (Tables 2:5 and 2:6) suggesting a

portion of the cPDE activity to be

calcium/calmodulin-independent. Indeed, the heart band 1 form 

of molecular mass 246000 daltons is similar in mass to the 

purified type II cPDE of bovine heart tissue calculated to be 

240000 daltons by Martins et ai.<1982) which was shown to be 

calmodulin-independent. Of interest, I was not only able to 

detect increased cAMP hydrolysis in the presence of cGMP but, 

in fact, at 10 uM cAMP + 1 uM ctiMP and 10 uM cGMP +

1 uM cAMP there was increased cPDE activity in one and three bands

(by larger peaks on densitometry scans) respectively compared to 

10 uM cAMP and 10 uM cGMP (Figs 2:5e and 2:5f).

Murine mammary tissue:-

The description of soluble mammary cPDE enzymes in both 

normal and tumour tissues has been dealt with extensively in the 

introductory sections of Chapters 2 and 4 of this thesis.

Suffice to say, there has been no purification of any of the 

soluble cPDE enzymes in mammai ian tumour mammary tissues and in 

normal mammary tissue. Only one particulate form has been 

purified (Aitohison e t  aJ. 1964) and three soluble forms 

partially characterized (Mullaney and Clegg 1964). Four forms 

of soluble cPDE were consistently detected in the murine

.
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mammary tumours using a 5% to  8 *  p o lyacry lam ide  c o n cen tra tio n  

range (Savage e t  a 7. 1983). The two fa s te r  m ig ra tin g  forms (see  

F ig . 2 :4 b ) w ith  re s p e c tiv e  Rf ranges o f 0 .3 4 -0 .3 6  and 0 .3 7 -0 .4 1  

(T ab le  2 :4 )  were unique to  the murine mammary tumour t is s u e . Of 

note , In  the  human mammary tumour c y to so ls  using th e  Id e n t ic a l  

techn iques, however, I  was a b le  to  d e te c t a t  le a s t 6 forms 

(see Chapter 4 ) .

The apparent m olecu lar masses o f the  fo u r murine tumour cFOE 

a c t iv i t i e s  c a lc u la te d  from Ferguson P lo t (T a b le  2 :1 2 ) (bands 

from th e  top o f the g e l)  were re s p e c tiv e ly  219000, 226000,

234000 and 229000 d a lto n s . The small v a r ia t io n  In  m olecu lar  

mass between the fo u r cPOE forms in d ic a te d  th a t  th e  observed Rf 

values between th e  d i f f e r e n t  enzymes were based on charge  

ra th e r  than m olecu lar mass d if fe re n c e s . The a c t i v i t y  s ta in  

in d ic a te d  th a t  band 1 o f th e  tumour (see F ig . 2 :4 b ) had a 

higher s ta in in g  In te n s ity  than the  o th e r cPDE form s. When 

Id e n t ic a l p ro te in  c o n cen tra tio n s  were loaded on non-denatu ring  

polyacry lam ide g e ls  two f a in t  cPDE a c t iv i t y  bands a t  p o s itio n s  

1 and 2 were n o ticed  fo r  tumour cy to so ls  a t  1 uM cAMP 

co ncen tra tio n  (lo w e r r ig h t  F1g. 2 :4 b ) suggesting th a t  these two 

enzymes e x h ib ite d  a h ig h er a f f i n i t y  fo r  cAHP than bands 3 and 4. 

Most ro ta b le  1n th is  experim ent was th e  complete lack  o f  

s ta in in g  a c t iv i t y  fo r  b ra in  c y to so ls  a t  1 uM cAMP compared to  

the com parative ly  in ten se  band observed a t  100 uM cAMP (top  

l e f t  F ig . 2 :4 b ).

F urth er evidence th a t c h a ra c te rize d  th e  band 1 form o f tumour 

as being d is c re te  (and Inc d e n ta lly ,  I t  shared th e  same Rf
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range 0 .2 4 -0 .2 8  w ith  m urine k id n ey , l i v e r  and h e a r t )  was th e  

lack  o f  In h ib i t io n  o f th is  fo re  by th e  c h e la tin g  agent EOTA 

(lo w e r r ig h t  F ig . 2 :6 ) .  In  la t e r  experim ents , when I  worked 

w ith  human mammary and u te r in e  t is s u e s , I  was ab le  to  show a 

cPOE band In  these tis s u e s  w ith  a s im ila r  Rf range o f 0 .2 5 -0 .2 7  

to  th a t  o f  p o s it io n  3 In  m urlna c y to s jls  (T ab les  2 :4 , 6 :1  and 

6 :2 )  th a t  was Im pervious to  EOTA (2  mM) in d ic a t in g  a 

calm odulin -independent cPOE.

My attem pts to  p u r ify  and c h a ra c te r iz e  the  s o lu b le  cPOE enzymes 

o f mouse mammary tumours were to  prove d is a p p o in tin g  In s o fa r  as 

la rg e  losses o f enzyme a c t i v i t y  were In cu rred  during  the  

p u r if ic a t io n  stages e s p e c ia lly  the chrom atofocusIng step  (T ab le  

2 :1 3 ) .  N onetheless, a lthough a c t i v i t i e s  fo r  cPOE a t  100 uM cAMP 

(lew  a f f i n i t y )  were u n d e te c ta b le , th re e  Is o e le c t r ic  peaks o f  

cpol: a c t iv i t y  a t  1 uM cAMP were observed w ith  re s p e c tiv e  p i 

ranges o f > 7 .7 ,  5 .2 -5 .6  and 4 .1 -4 .2  (F ig . 2 :9 )  (Robinson e t  

a l .  1983). These p i values a re  not d ls s lm l l la r  from those  

described  m  th e  non-sonlcated  f r a c t io n s  o f r a t  cerebellum  

which y ie ld ed  PI values o f 8 .2 ,  6 .1  and 4 .8  on e le c tro fo c u s ln g  

ge ls  coupled to  the  cPOE a c t iv i t y  s ta in  (P led g er e t  a l .  1974 ).

F in a l ’ v , gel f i l t r a t i o n  o f the  pooled p i peaks (a c t iv e  fo r  

cPOE) In d ic a te d  the  m olecu lar masses to  be g r e i t e r  than 200000 

dal tons since a l l  the  a c t iv i t y  was e lu te d  1n th e  void volume 

(F ig . 2 :1 0 ) which Is  c o n s is te n t w ith  my m o lecu lar mass 

d eterm in atio n s  from Ferguson p lo t .

In  conclus ion , from the  p o ly a c ry la m id e -g e l e ln c tro p h o re s ls  techn ique, 

1t was ev id en t th a t th e re  were m u lt ip le  forms o f
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so lu b le  cPDE In  th e  d i f f e r e n t  murine tis s u e s  s tu d ie d . Some o f  

th e  cPDE bands were unique to  s p e c if ic  tis s u e s  p a r t ic u la r ly  the  

two fa s te r  m ig ra tin g  bands observed In  the  mammary tumour 

t is s u e . These two tu m o u r-sp ec if1c  forms appeared to  d i f f e r  In  

charge from th e  o th e r cPDE bands ra th e r  than on a mass b a s is . 

A ls o , no type IV  cA M P -speclflc  cPDE a c t i v i t i e s  were e v id e n t nor 

were th e re  any low m o K ^u lar mass cPDE forms d e te c te d . The 

In te r e s t in g  f in d in g s  d e riv e d  from t h is  study, e s p e c ia lly  th e  

tu m o u r-s p e c ific  cPDE enzymes, was to  prompt fu r th e r  

In v e s tig a tio n  o f these cPDE forms, both s o lu b le  and p a r t ic u la te ,  

in  human mammary tumours.
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CHAPTER THREE

UlTRACYTOCHEMICAL LOCALIZATION OF cPOE 

IN  HUMAN MAMMARY TISSUES.

O b je c tiv e s

The aim of this study was to examine cPDE enzymes that are 

membrane-bound In human mammary tissues. This was achieved by 

utilizing an enzyme-specific stain for cPOE on whole mammary 

tlss'-e sections and then studying the stained sections under an 

electron microscope. The method employed enabled a reasonable 

sample size to be analyzed and, furthermore, the technique 

required little tissue which Is a necessary prerequisite 1n 

studies based on human tissues. However, because of lack of 

tissue, the research was confined to using cAMP as the 

substrate and thus the effect of cGMP remained unknown.

In tro d u c tio n

The control c * abnormal multlplicat on and differentiation of 

cells In  cancer or premallgnant states remains to be elucidated 

at the eukaryote level. The substrate CAMP, Nh1ch 1s a potent 

regulator of cell function, 1s Implicated In cell proliferation 

(Ryan and Heldrlch, 1974). The study, therefore, o f the enzyme
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forms of cPDE are of interest with respect to their role in the 

control of cell growth and transformation (see introduction of 

Chapter 2 for an in-depth review;. There exist soluble and 

particulate forms of cPDE in a variety of tissues .Beavo e t  a l .  

1982). The membrane-bound forms have been purified to 

homogeneity in rat liver membranes (Marchmont e t  a l . 1981(a); 

Pyne e t  a l . 1986).

To date, three functionally different forms of soluble cPDE 

have been described in rat mammary tissue (Larner and 

Rutherford 1982; Kullaney and Clegg 1984). A membrane-bound 

cAMP-**recific cPDE (type IV oAMP PDE) which is 

hormone-dependent (insulin-stimulated) has been described, 

although not purified, in isolated acini from mammary tissue of 

1rotating rats (Aitchison e t  a l . 1984). In neoplastic mammary 

tissue, Singer et a l . (1976) showed that in the human breast 

tumours, in addition to overall higher levels of cPDE activity 

(only oAMP was tested) there was present relatively more of a 

low Km (high affinity form) than the icw affinity form. Other 

workers have also shown that there are higher levels of soluble 

cPDE in malignant mammary tumours compared to normal tumours 

provided that results were expressed on a per protein basis as 

averse to a per DMA basis (Kung e t  a l . 1977). Sheth e t  a l .  

(1980), using murine normal and neoplastic mammary gland, 

reported that the tumour tissue possesred higher activities of 

a particulate or membrane-associated form of cPDE when compared 

to the normal tissue.

In an attempt to detect the membrane-bound cPDE enzymes in
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normal and n e o p la s tic  human mammary t is s u e s , I  used an 

u ltra c y to c h e m lc a l techn ique. I  p resent evidence th a t  In  

n e o p la s tic  tis s u e s  a s p e c if ic  form o f  cPDE appears to  be 

lo c a liz e d  w ith in  th e  nucleus. T h is  form could not be detected  

In  th e  normal tis s u e  examined. A ssociated plasma membrane 

a c t iv i t y  was observed In  both normal and n e o p la s tic  c e l ls .  Tne 

m alignant murine mammary tis s u e  o f  th e  F I hybrid  (d escribed  In  

Chapter 2 o f th is  th e s is )  was a ls o  s tu d ie d . The e f fe c ts  o f two 

known phosphodiesterase In h ib i to r s ,  th e o p h y llin e  and 

p apaverine , are  a ls o  discussed.

M a te r ia ls  and Methods

Tissue son action.

Tissues were obta ined  from human su b je c ts  d urin g  ro u tin e  

o p e ra tiv e  procedures In  accordance w ith  th e  E th ic a l Procedures 

s tip u la te d  by the  U n iv e rs ity  o f  W Uw atersrand Senate Human 

Subjects  Research Committee. A to ta l  o f  seventeen cases were 

examined com prising f iv e  I n f i l t r a t i n g  duct carcinomas o f th e  

b re a s t, e ig h t /1 th  f ib r o c y s t ic  d isease o f  the  b re a s t and fo u r  

cases o f normal mammary t is s u e s . A ll  th e  t ls s ie s  were 

documented h is to lo g ic a l ly  by D r. N ln in  to  be e i t h e r  m a lig n an t, 

benign o r norm al. The murine m a m m a ry  t is s u e  was processed • n 

the  same way as th a t  fo r  human mammary tis s u e s  described  on 

the next page.

V



Cvtochem lcal procedure fo r  O f SEDL.

The membrane-bound cPDE forms were lo c a liz e d  using methods 

d escribee  >y Florendo a t  a l .  (1971 ) and fu r th e r  m o d ified  by 

Kalderon and T v  'nshenss (1 9 7 4 ) , Farnham (1975) and Duma and 

Moraczewskl (10 i .  E s s e n t ia l ly ,  th e  r a t io n a le  behind th e  

cytochem lcal procedure Is  th a t  endogenous membrane-bound cPDE 

hydrolyzes cAMP to  S’ AMP. The 5 ’ AMP Is  converted to  adenosine  

plus k i using an excess o f exogenous 5 '-n u c le o t1 d a s e  In  th e  

In cu b atio n  medium. The byproduct, P I ,  forms a p r e c ip i ta te  

present In  the  In cubation  medium, thus form ing an e le c tro n  

dense product a t o r near th e  s i t e  o f cPDE a c t iv i t y ,  

w ith in  3 m inutes o f b iopsy, th e  spudmen was p laced 1n b u f fe r  

co n ta in in g  2 .5 *  g lu ta ra ld e h y d e  1n 0 .0 5  M cacodyl a te  b u f fe r ,  pH 

7 .4 , and then c a r e fu l ly  cut In to  approxim ate ly  1 mm sec tio n s  

w ith  a s u rg ic a l b lade . The sec tio n s  were s tored  In  t h is  b u f fe r  

a t room tem perature fo r  30 m inutes. The b u ffe r  s o lu tio n  was 

then rep laced  w ith  0 .05  M cacodyl a te  b u f fe r  pH 7 .4  w ith o u t 

g lu ta ra ld e h y d e , g e n tly  r in sed  tw ice  and the  specimens were l e f t  

in  the r e f r ig e r a to r  "w e m ig h t. The fo llo w in g  day th e  t is s u e  was 

incubated fo r  30 m inutes a t  37° C 1n a s o lu tio n  o f 80 mM 

T r1s /m a lea te  b u f fe r ,  pH 7 .4 ,  c o n ta in in g  2 mH Mgcl2 and 50 

u n its /m l S’ -n u c le o tld a s e  (Grade IV  -  Sigma Chemical Companv). 

T h e re a fte r , ti.e  tis s u e  was p laced in  80 mM Tr1s/m aleace b u f fe r ,  

pH 7 .4 , co n ta in in g  2 mM MgClg, 1 .5  mM lead n i t r a t e ,  3mM cAMP 

and 30 u n its /m l " '-n u c le o tid a s e  fo r  1 hour a t  37° C. Th is  was 

fo llow ed  by a 5 mlnutf' r in s e  In  80 mM T r ls /m x le a te , pH 7 .4 ,  a t



room temperature. TVe tissue was them fixed for 2 hours at 0° C 

in 2% 0S04 cacodylate buffer pH 7.4. Dehydration was achiev d 

by increasing concentrations of ethanol viz 50%, 70%, and 95% 

for 10 minute periods and finally 100% for two 15 minute 

periods. The specimens were then placed in Spon overnight.

The following day the tissues were set into blocks by placing 

them in Epon at 60° C for 48 hours. Sections were then cut using 

a Reichert-Jung Ultracut OMU-4 and viewed unstained in an 

Electron microscope, Jeol 100s. Control incubations were 

carried out with solutions containin* 1) only lead ions 2) 

without cAMP 3) without 5 -nucleotidase 4) full incubation 

medium which contained 10 mM theophylline and 6) full 

incubation medium with 15 mM papav<.-ine (papaverine 

hydrochloride). The latter two are known cPDE inhibitors. Th. '• 

sections adjacent to that examined ultracytocheroically, were 

also cut, stained with toludine blue and viewed under the 

IMht microscope to determine the histology of the tissue.



Results

The re s u lts  were somewhat marred by th e  fa c t  th a t  th e re  was 

Incom plete p e n e tra tio n  o f  lead s ta in in g  ( t h a t  Is  cPDE a c t i v i t y )  

In  th e  1 mir sec tion s  v f  th e  v a rio u s  mammary t is s u e s  s tu d ie d . 

Id e a l ly ,  much th in n e r s e c tio n s  o f  th e  fre s h  t is s u e s  during  th e  

In cubation  s tage fo r  cPDE a c t iv i t y  would have circum vented th is  

problem . The equipment fo r  such a s te p , however, was not 

a v a ila b le . N onetheless, assuming Incom plete p e n e tra tio n  o f  th e  

In cubation  products to  th e  c e n tra l c o re , th e re  were some very  

In te r e s t in g  f in d in g s  observed In  th e  o u te r p e rim e te r o f  th e  

t is s u e  s e c tio n s . S tu d ie s , th e re fo r e , o f a l l  th e  d i f f e r e n t  

mammary t is s u e  sections  were confined  to  th a t  a rea .

The most s ig n if ic a n t  o b serva tio n  o f th e  study was th a t  In  some 

o f th e  m alignant c e l ls  o f  carcinoma o f  th e  human b reas t th e re  

was co ns id erab le  membrane-bound cPDL - t l v l t y  lo c a liz e d  In  the  

n uc lear membrane, chrom atin and n u c le o li (o n ly  cAMP was 

te s te d ) (P la te s  3 :1 , 3 :2 , 3 : 7 ) .  In  a d d it io n , th e re  was 

cytoplasm ic membrane a c t iv i t y  a lthough th is  s ta in in g  was not 

observed in  th e  c e l ls  which e x h ib ite d  n uc lear a c t i v i t y .  The 

f iv e  cases o f  I n f i l t r a t i n g  duct carcinoma o f th e  b reas t a l l  

e x h ib ite d  Id e n t ic a l n u c lea r a c t i v i t y  (P la te s  3 :1 , 3 :2 ) .  E ig h t 

cases o f f ib r o c y s t ic  d is e a s e , a benign c o n d itio n , were examined 

(p a r t ic u la r ly  areas o f e p i t h e l ia l  p r o l i f e r a t io n )  and these  

e x h ib ite d  n uc lear re a c tio n  product but to  a much le s s e r degree 

(P la te  3 :4 ) .  Plasma membrane a c t iv i t y  was a ls o  observed. Four 

normal b reast tis s u e s  rep o rted  as being h is to lo g ic a l ly  normal
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were examined and found to  e x h ib it  no n u c lea r a c t i v i t y  (P la te  

3 :5 )  but cytoplasm ic s ta in in g  was e v id en t (P la te  3 : 6 ) .  The 

tumour c o n tro ls  on a l l  the  above t is s u e s  w ith  no 

5 *-n u c le o tid a s e  added showed l i t t l e  o r  no r e a c t iv i t y  s ta in  In  

n uc lear r.reas o f th e  tis s u e s  whlcn e x h ib ite d  th e  phenomenon 

(P la te  : : 3 ) .  The c o n tro ls  w ith  10 mM th e o p h y llin e  added d id  not 

appear to  In h ib i t  th e  d e te c ta b le  cPDE a c t iv i t y  asso c ia ted  w ith  

th e  n uclear o r plasma membranes, n u c le o li and chrom atin  (P la te s  

3 :6 , 3 :8 ) .  The c o n tro ls  w ith o u t cAMP o r w ith  15 mM papaverine  

showed no evidence o f  m y  s ta in in g  a c t i v i t y  (P la te s  3 :9 ,  3 :1 0 ) .  

The Id e n t ic a l n uc lear a c t iv i t y  was a ls o  observed 1n th e  

m alignant murine mammary tis s u e  (P la ts  3 :1 1 ) .



P la te  3 :1 . Human mammary cancer t is s u e  1n com plete in cu b a tio n  

medium. Cytochem lcal lo c a l iz a t io n  o f cPDE a c t i v i t y  Is  

p a r t ic u la r ly  concen tra tes  In  th e  n u c le i and n u c le o li (see  

arrow s). Note s l ig h t  s c a tte r  o f  lead d e p o s it In  surrounding  

o rg a n e lle s .

E.M. m a g n ific a tio n  = 5000X 

N egative mag. = 2X
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P la te  3 :2 . Human mammary t is s u e  In  com plete In cu b atio n  

medium. Lower m a g n ific a tio n  o f cytochem lcal lo c a l iz a t io n  o f 

cPDE a c t iv i t y  showing lead  d ep o s it concen tra ted  1n th e  n u c le i 

and n u c le o li (see a rro w s).

E.M. mag. = 4000X 

Neg. mag. = 2X
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P la te  3 :3 . Human carcinoma o f th e  b re a s t In  c o n tro l Incubation  

medium w ith o u t 5 ' -N u c le o tid a s e . In  th e  f iv e  m a lignant mammary 

tis s u e s  s tu d ied  th e re  was very l i t t l e  n u c lea r a c t iv i t y  observed

In  these c o n tro ls .

E.M. mag. = 2000X 

Nes. mag. 1 2X
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P la te  3 :4 . Human mammary benign fibroadenom a In  complete  

incubation  medium. E ig h t cases o f f ib r o c y s t ic  d isease e x h ib ite d  

nuclear re a c tio n  product (see a rro w s). The nuc lear product was 

u s u a lly  less dense and less fre q u e n tly  observed compared to  

m alignant mammary t is s u e s .

E M . mag. = 5000X 

Neg. mag. = 2X

f



P la te  3 :5 . Normal human b reas t t is s u e  In  com plete In cubation  

medium. In  th e  fo u r cases s tu d ie d , cytochem lcal lo c a l iz a t io n  o f  

cPDE a c t iv i t y  was not observed 1n the n u c le i and n u c le o li o f  

normal b reas t c e l ls .

E.M. mag. = 4000X



P la te  3 ' * .  Normal r.uman mamma'y tis s u e  In  c o n tro l Incubatlo r, 

medium w ith  10 mM th e o p h y llin e  added. The a d d itio n  o f 10 mM 

th e o p n y lU n e  d id  not a f f e c t  th e  cPOE a c t i v i t y  p a tte rn s  In  any 

human b reast t is s u e . Cytoplasm ic st»1n1ng was fre q u e n tly  

observed 1n normcl b reas t tis s u e  (4  cases s tu d ie d ) (see  

a rro w s ).

E.M. mag. = 4000X 

Neg. mag. = 2X
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P la te  3 :7 . High m a g n ific a tio n  view o f  lead d epo s it (cPDE 

a c t i v i t y )  In nuc leo lus  o f human mammary carcinoma In  complete  

In cubation  medium.

E.M. mag. = 50000X
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P la te  3 :8 . View o f human red blood c o lls  ( rb c )  o f  human 

m alignant mammary tis s u e  In  c o n tro l incubation  medium w ith  10 

mM th e o p h y llin e . Cytoplasm ic lead d e p o s it (cPDE a c t i v i t y )  was 

observed In  rb c 's  In  a l l  mammary t is s u e s  Incubated In  complete  

medium. The a d d it io n , however, o f 10 mM th e o p h y llin e  had no 

e f f e c t  on the  rbc cytop lasm ic cPOE a c t iv i t y  (see a rro w s).

E.M. mag. = 6000X 

Neg. mag. = 2X
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P la te  3 :9 . Human mammary cancer tis s u e  1n c o n tro l In cu b atio n  

medium w ith o u t cAMP. No n u c lea r o r cytop lasm ic cPOE a c t iv i t y  

was observed.

E.M. mag. = 4000X



P la te  3 :1 0 . Human mammar> cancer tis s u e  In  c o n tro l In cu b atio n  

medium w ith  16 mM p apaverine . No n uc lear o r cytop lasm ic  cPDE 

a c t iv i t y  was observed.

E.M. mag. = 4000X



P la te  3 :1 1 . Murine mammary cancer t is s u e  (F I h ybrid  described  

in  Chapter 2) In  complete In cu b atio n  medium. Cytochem lcal 

lo c a l iz a t io n  o f cPDE a c t iv i t y  p a r t ic u la r ly  concentrated  1n the  

n u c le lo l l  o f murine m alignant carcinoma (see a rro w s).

E.M. mag. = 4000X
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Discussion

The In fe re n c e  from these fin d in g s  Is  th a t  th e  d e te c ta b le  cPDE, 

p o s s ib ly  a high a f f i n i t y  form , associa ted  w ith  th e  nucleus 1s 

a c t iv e  e ith e r  during  c e l l  p r o l i f e r a t io n  o r d urin g  Increased  

m etabo lic  a c t iv i t y  or perhaps apparent a t  a less  d i f f e r e n t ia t e d  

s ta te  o f  c e ll  developm ent. The f in d in g s  In  o th e r tis s u e s  

rep o rted  in  the l i t e r a t u r e  tend to  favo u r th e  m etabo lic  s ta te  

th eo ry  and w i l l  be discussed la t e r .

In  my study, the  e p i t h e l ia l  c e l ls  o f normal tis s u e s  d id  not 

show n u c lea r associa ted  a c t i v i t y .  F ib ro c y s tic  d isease o f th e  

b re a s t e x h ib ite d  nuclear cPDE a c t iv i t y  although less  s t r ik in g ly  

than th e  m alignant t is s u e s . These re s u lts  Imply th a t  the s ta v i  

o f d i f f e r e n t ia t io n .  In  a d d it io n  to  e it h e r  p r o l i f e r a t io n  o r  

m etabo lic  a c t iv i t y ,  1s an Im portant fa c to r  1n th e  expression  o f  

the  n uc lear cPDE to  such an e x te n t th a t  I t  1s d e te c ta b le  by 

u ltra c y to c h e m ic a l techn iques. P a r a lle l  b iochem ical stud I t s  In  

these human mammary tis s u e s  are  req u ired  to  confirm  these  

f in d in g s . Of In te r e s t ,  an Honours Research P ro je c t by Ms. K. 

S11b»rman under th e  su perv is ion  o f P ro fessor Savage and m yse lf 

showed cPDE a c t iv i t y  to  be associated  w ith  Is o la te d  n u c le i o f  

the  m urine m alignant mammary tis s u e  (F I h y b r id ) .  

U ltracy to ch em ica l evidence fo r  cPOE n u c lea r a c t iv i t y  was shown 

fo r  th e  murine mammary tumour tis s u e  (P la te  3 :1 1 ) .  A study  

baced on the same u ltra c y to c h e m ic a l technique 1n r a t  cerebellum  

rep o rted  only one membrane-bound cPDE form which was confined  

to  th e  post-synapses (Suglmura and M1zutan1 1978).
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In  th e  l i t e r a t u r e ,  d ir e c t  biochem ical evidence fo r  a n u c lea r  

associa ted  cPDE has been shown In  b u f fa lo  sperm (B hatnager and 

Anand 1982; 1983). These workers were the f i r s t  to  re p o rt on a 

cPDE f i r m ly  a ttached  to  th e  chrom atin although th e  enzyme Is  

s t i l l  to  be s o lu b il iz e d . Work on membrane asso c ia ted  cPDE In  

bovine ca rd iac  v e n tr ic le s  has revea led  th a t  about 60% o f  th e  

t o t a l  a c t iv i t y  was presen t In  the n u c lea r f r a c t io n  (A h luw aH a  

and Rhoads, 1982 ). They were ab le  to  s o lu b il iz e  th e  n uc lear  

f r a c t io n  by son1c a tIo n  and found th a t  the  enzyme had lo s t  

d i f f e r e n t ia l  In h ib i t io n  e f fe c ts  to  calm odulin  In h ib ito r s  but 

they d id  not c h a ra c te r iz e  I t  fu r th e r .  In  a d d it io n , they  

rep o rted  th a t th e  n u c lea r cPDE was In h ib ite d  by 80% 1n the  

presence o f 50 uM papaverin e . A la t e r  re p o rt by these authors  

showed th a t  they had been ab le  to  p u r ify  p a r t i a l l y  and 

c h a ra c te r iz e  th e  c a rd ia c  nuc lear cPDE enzymes (A h luw aH a e t  a l .  

1984). Two n uc lear cPOE forms were s o lu b il iz e d  by son1 c a tio n  o f  

p u r if ie d  ca rd iac  n uc lear e x tra c ts  (A hluw aH a e t  a l .  1984). Most 

o f th e  nuc lear cPDE a c t iv i t y  was associa ted  w ith  a 6 .6  S form  

which appeared to  be c a lc iu m -s e n s it iv e  and cO M P -specific . For 

cGMP th e  reported  Km was 4 .8  uM w ith  a Vmax o f  440 units /m g  

p ro te in  w h ile  the  Km fo r  cAMP was 1.1 uM w ith  a Vmax o f  53 

units /m g p ro te in  (A h luw aH a e t  a l .  1984 ). The second cPDE 

n uc lear a c t iv i t y  was associa ted  w ith  a 4 .4  S form  and th is  

lower mass enzyme was found to  be c a ld u m /c a lm o d u lIn  

Independent and cA M P -spedf 1 c .  The reported  Km fo r  cAMP wma 20 

uM w ith  a Vmax o f 450 un1ts/mg p ro te in  (A h luw aH a e t  a l .  1984). 

F in a l ly ,  Ahluw aHa and asso c ia tes  (1 9 8 4 ) noted th a t  the
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s p e c if ic  a c t iv i t y  o f th e  6 .6  S c a rd ia c  n u c lea r cPDE 

(s o lu b il iz e d )  was much g re a te r  than th e  same form In  p u r if ie d  

l i v e r  n u c le i (a c tu a l va lu es  not g iv e n ). These f in d in g s  are  

s ig n if ic a n t  1n th a t c a rd ia c  c e l ls  do not d iv id e ,  u n lik e  th e  

c e l ls  I  s tu d ie d . I t  Is  In te r e s t in g  to  note t h a t ,  d e s p ite  the  

d iffe re n c e s  In  p r o l i f e r a t iv e  a c t iv i t y  between c a rd ia c  and 

tumour c e l ls ,  both c e l l  types a re  very  a c t iv e  m e ta b o llc a lly  and 

have a la rg e  supply o f oxygenated b lood. I t  appears, th e re fo r e ,  

th a t  th e  d e te c tio n  o f s ig n if ic a n t  n u c le a r associa ted  

membrane-bound cPDE a c t i v i t y  may be a fu n c tio n  o f th e  m etabo lic  

s ta te  o f  th e  c e l l  ra th e r  than e i t h e r  th e  p r o l i f e r a t iv e  Index or 

s ta te  o f  d i f f e r e n t ia t io n .  Furtherm ore In  support o f t h is ,  

A hluw alla  and asso c ia tes  (1984 ) s ta te d  th a t  th e  n u c le a r cPDE 

a c t i v i t y  was much h ig h er 1n th e  c a rd ia c  c e l ls  1n comparison to  

l i v e r  c e l ls  which do d iv id e  but posses a low er m etab o lic  Index. 

There Is  one e a r ly  re p o rt o f h ls to c h e m lc a lly  lo c a liz e d  cPOE 

a c t iv i t y  associated  w ith  the  n u c le a r membrane o f  th e  

unstim u lated  human sm all lymphocyte (Coulson and Kennedy 1971). 

A la t e r  re p o rt on the u1tra c y to c h e m lc a l1y lo c a liz e d  cPDE forms 

In  r a t  submax 111ary gland has b r ie f ly  mentioned occasional 

n uc lear membrane s ta in in g  o f a c in a r  and e n d o th e lia l c e l ls  

(K alderon e t  a l .  1977).

The hypothesis  th a t th e  n uc lear cPDE m ight be a low Km, high  

a f f i n i t y  form , 1s d erived  from rep o rted  b iochem ical d a ta  on 

membrane-bound (o th e r  than n u c le a r) cPDE enzymes which tend to  

f a l l  In to  th e  type IV  cPDE category and these forms u s u a lly  

e x h ib it  h igh a f f i n i t i e s  fo r  cAMP (see In tr o d u c t io n ) .



The reason why I  d id  not observe cPDE n u c lea r a c t iv i t y  In  human 

normal mammary tis s u e  using th e  u ltra c y to c h e m lc a l techn ique  

might be due to  reasons o th e r than Increased m etabo lic  a c t iv i t y  

In  m alignant versus benign mammary tumours.

I t  1s Im portant to  consider th e  e f f e c t  o f  e x t r a c e l lu la r  cAMP, 

present 1n th e  In cu b atio n  medium, on th e  tis s u e s  s tu d ie d . 

Exogenous cANP could e x e rt In flu e n c e  by; ( a )  d if fu s io n  across  

plasma membrane, (b )  In d u c tio n  o f a s p e c if ic  cPDE, (c )  

a c t iv a t io n  o f  an ectophosphodlesterase, (d )  o th e r means, such 

as In d u c tio n  o f a cPDE In h ib i to r  although t h is  1s s t i l l  to  be 

c le a r ly  e lu c id a te d  (N ile s  and Loewy 1981). I t  1s known th a t  

cAMP Is  a normal c o n s titu e n t o f  e x t r a c e l lu la r  f lu id s  In v ivo  

and th e re  is  co ns id erab le  In d ir e c t  evidence th a t  cAMP crosses  

c e l l  membranes (Szabo and Burke 1972). Work on amoebae, which 

had been s ta rv e d , showed In d u c tio n  o f both 1n tra  and 

e x t r a c e l lu la r  cPDE a c t i v i t i e s  p r io r  to  d i f f e r e n t ia t io n  o f  the  

amoebae, ('<le1n and Darmon 1976) and th e re  1s evidence fo r  a 

hormonal 1 /  s e n s it iv e  cA M P-spedf 1c POE (ty p e  IV  cAMP PDE) 

s itu a te d  on the  e x te rn a l plasma membranes o f l i v e r  c e l ls  -  an 

ectoenzyme (Smoake a t  a l .  1 9 8 1 (b )) . Any one o f  these above 

p o s s ib i l i t ie s ,  or com binations th e re o f , m ight be d i f f e r e n t ly  

expressed 1n m alignant and bar 1gn c e l ls  compared w ith  normal 

tis s u e s  s tu d ie d . Hence cAMP m ight d if fu s e  more ra p id ly  across  

the m alignant c e l l  membranes en ab lin g  th e  n uc lear cPDE to  be 

h ls to c h e m lc a lly  d e tec ted .

D i f f ic u l t i e s  associa ted  w ith  h ls tochem lca l methods u t i l i z i n g  

lead 1on should not be overlooked and these have been
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thoroughly reviewed with respect to cPDE by Kalderon (. 1977).

In the primary fixation stagi where 2.5% glutaraldehyde is 

invariably used for cPDE histochemistry, it was shown by De 

Jong (1967) that in a tobacco cell line this fixative 

specifically activated a nuclear associated acid phosphatase 

which was most dense, especially in nucleoli, when the cells 

were at their maximum growth phase. The mode of action of this 

effect was not ascertained. In our experiments, however, 

malignant tissue controls with no exogenous 5 -nucleotidase, 

showed very slight or no staining in the nuclear processes of 

the cells, where this activity was normally observed. This 

indicated that glutaraldehyde was not responsible for nuclear 

lead deposition in my experiments. Tfie very slight activity 

seen might have been due to the presence of endogenous 

5 -nucleotidase. The latter enzyme is usually accepted as a 

plasma membrane marker tChuang at a l . 1984). Also of 

significance, is the fact that the normal mammary tissue did 

not exhibit nuclear cPDE activity despite the identical 

treatment conditions with glutaraldehyde. Moreover, Kalderon 

t1977; reported satisfactory preservation of cPDE activity in 

dissociated thyroid cells in the presence of glutaraldehyde and 

also there was no nuclear associated oPDE activity.

The 1.5 mM concentration of lead ions used in the media is 

apparently sufficient to ce ,ue the non-enzymatic hydrolysis of 

ATP (Rosenthal e t  u i . 1966), while the hydrolysis of cAMP is 

r'vorted to show no appreciable increase in dephosphorylation 

(Moses and Rosenthal 1968) even at a 4.0 mM lead ion



c o n cen tra tio n  (K alderon e t  a 1. 1977).

In  a d d it io n , my fin d in g s  based on th e  c o n tro ls , where lead  

alone o r lead  p lus cAHP were p re s e n t, l i t t l e  o r no n u c lea r  

a c t iv i t y  s ta in  was observed In  e ith e r  normal o r m alignant 

t is s u e . I t  1s p o s s ib le , I f  u n l ik e ly ,  th a t  th e  com bination o f  

exogenous cAMP and 5 '-n u c le o tid a s e  m ight form lead  complexes In  

the  In cu b atio n  media w ith  s e le c t iv e  a f f i n i t y  fo r  c e r ta in  tis s u e  

re a c t iv e  groups present 1n th e  m alignant c e l ls  o f th e  b reast 

and to  a le s s e r e x te n t In  f ib r o c y s t ic  t is s u e . The on ly  o th e r  

s ta in in g  s im ila r  to  our o bservations  was reported  on th e  

cytochem lcal dem onstrations o f NAD-pyrophosphory1ase 

(NMN+:enzyme=NAD +PP) In  l i v e r  c e l ls  dem onstrating enzyme 

a c t iv i t y  s tro n g ly  associated  w ith  the n uc leo lu s ,

In te rc h ro m a tin  granules and c o lle d  bodies which la rg e ly  

co n s is t o f r lb o n u c le o p ro te ln  RHP (Unger and Buchwalow 1976). The 

authors used both a manganese and lead method w ith  a good 

s e le c tio n  o f c o n tro ls .

Of concern, is  th e  fa c t  th a t  c o n tro ls  w ith  10 mM th e o p n y llln e ,  

a f a i r l y  potent In h ib i to r  o f  cPOE In v i t r o  d id  not In h ib i t  the  

s t a l l in g  o f the  n uc lear areas in  the  c e l ls  where 1t was 

observed. Papavorlne (15 mM), however, com plete ly  In h ib ite d  any 

form o f e ith e r  nuc lear or cytoplasm ic cPDE s ta in in g . In  th e  

l i t e r a t u r e ,  th e re  are c o n f l ic t in g  h ls tochem lca l re s u lts  as tu  

the In h ib ito ry  e f fe c ts  t *  th e o p h y llin e . Lack o f  to ta l  

In h ib i t io n  by 50 mM theop " U ln e  on lo cu st plasma membrane was 

reported  (Benedeczky anu Rc sa 1981) whereas In  o th e r  tis s u e s  

work on Dlc y to s te l ium  amoebae showed no In h ib it io n  o f  the  cPDE
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on th e  o u te r plasma membrane using 50 mM th e o p h y llin e  (Farnham 

1 975). In  o th e r t is s u e s , sucessfu l In h ib i t io n  was observed  

(F lo rendo  e t  a 7. 1971). In  my study, e ry th ro c y te s , e it h e r  

presen t In  v a scu la tu re  o r d isp laced  1n the  above t is s u e s , o fte n  

e x h ib ite d  a s p e c if ic  cPOE a c t iv i t y  s ta in  asso c ia ted  w ith  th e  

plasma membrane which has a ls o  been observed In  m urine red 

blood c e l ls  (S in g e r and A rlano  1961). S ince th e  a c t iv i t y  s ta in  

on th e  human e ry th ro c y tes  was a ls o  observed In  th e  presence o f 

10 mM th e o p h y llin e  (P la te  3 :8 )  the  Im p lic a t io n  Is ,  th a t  th e  

c e l l  membranes o f the  b re a s t tis s u e s  a re  not v-iry permeable to  

th e o p h y llin e  a t  a 10 mM c o n c e n tra tio n . Th is  f in d in g  In  

con ju nctio n  w ith  the  previous p o in ts  ra ised  suggests th a t  

th e o p h y llin e  1s not a s u ita b le  In h ib i to r  under th e  experim enta l 

c o n d itio n s  and tis s u e s  s tu d ied  In  t h is  r e p o r t .

I t  may be argued th a t  th e  cytochem lcal s ta in in g  observed In  

th is  study could be exp la ined  by a non-enzym atlc re d is t r ib u t io n  

o f th e  lead phosphate d epo s ited . Th is  phenomenon does not 

e x p la in  why th e  normal c e lls  d id  not e x h ib it  th e  s ta in in g . Only 

a d d it io n a l b iochem ical s tu d ie s  w i l l  reso lve  t h is  p o in t.



CHAPTER FOUR

SOLUBLE CPDE FORMS IN  HUMAN MAMMARY TISSUES

O b je c tiv e s

The alms o f th is  research  p ro je c t were to  c h a ra c te r iz e  th e  

so lu b le  cPDS enzymes In  human mammary cancer t is s u e s  and normal 

b reast t is s u e s . U s u a lly , th e  normal mammary t is s u e s  were not 

taken from th e  same p a t ie n t ,  1n c o n tra s t to  my subsequent work 

in  u te r in e  t is s u e s , because most o f th e  b reas t cancer cases 

were b io p s ies  ra th e r  than to ta l  m astectom ies. I  was unable to  

f in d  a c o r re la t io n  between oestrogen recep to r content and cPOE 

le v e ls  in  tumour t is s u e s . N onetheless, the  a c t i v i t y  s ta in in g  

fo r  cPDE forms on non -denatu ring  p o lyacry lam ide  g e ls  were 

rem arkably conslsten  . I  was ab le  to  dem onstrate a t  le a s t  s ix  

cPDE a c t iv i t y  forms 1n b reas t cancer cy to so ls  and fo u r 1n 

normal mammary cy to so ls  a t  low acry lam lde c o n c e n tra tio n s . By 

ap p ly in g  Ferguson p i , t  a n a ly s is , I  was ab le  to  c a lc u la te  th e  

m olecu lar masses, not p re v io u s ly  reported  to  my knowledge, o f  

the observed bands in  both normal and n e o p la s tic  mammary c e l ls .  

I  a ls o  c h a ra c te rize d  the  k in e t ic  param eters o f some o f the  

tumour cPDE a c t iv i t y  forms by e lu t in g  the  band o f  In te r e s t  from  

p re p a ra tiv e  non-denaturing  po lyacry lam ide  g e ls  and apply ing  

k in e t ic  a n a ly s is  to  the  cPDE enzymes over a range o f  cAMP
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m c e n tra U o n * . F l a l l y ,  th e  e f f e c t  o f p re In c u b a tin g  the  

mammary cy to so ls  w ith  EOTA, to  In te r fe r e  w ith  calm odulin  

b in d in g  by removal o f calcium  Io n s , was s tu d ie d .

In tro d u c tio n

Some o f th e  cPDE enzymt, iave re c e n tly  been p u r if ie d  to  

homogeneity In  human tis s u e s  and o th e r mammalian species (see  

Chapter 1 ) .  There appear to  be a t  le a s t fo u r  d is t in c t  c lasses  

o f c y c lic  n u c le o tid e  phosphodiesterases (cPOE’ s ) which have 

been t e n ta t iv e ly  c la s s if ie d  as types I ,  IX .  I l l  and IV  

(Appleman e t  a 7. 1984). W ith in  these subgroups, th e re  are  o fte n  

marked d if fe re n c e s , e ith e r  between species o r d i f f e r e n t  tis s u e s  

w ith in  the same sp ec ies , w ith  respect to  one or more o f the  

fo llo w in g ; s u b s tra te  p re fe re n c e s , k in e t ic  param eters , m olecu lar 

masses and In h ib ito r  s e n s i t iv i t ie s .  Whether a l l  th e  v a r ia t io n s  

rep o rted  r e f le c t  tru e  in v ivo  d if fe re n c e s  o r r e s u lt  from  

d iffe re n c e s  In  methodology remains e q u iv o c a l. Th is  im p lies  

cau tio n  when a ttem p tin g  to  r e la te  th e  e f f e c t  o f th e ra p e u tic  

drugs on cPDE enzymes from animal s tu d ies  to  man.

E a rly  re p o rts  based on measurements o f CAMP le v e ls  In  crude 

mammary tumours In d ic a te d  th a t  th e  s u b s tra te  le v e ls  were ra ised  

In these tis s u e s  1n comparison to  normal mammary tis s u e s  

(M inton e t  a / .  1974; C uerlnot e t  a l .  1 977 ). Work on r a t  mammary 

t is s u e s  In d ic a te d  th e  same p a tte rn  o f cAMP le v e ls  but the  

authors reported  th a t the mammary e p i t h e l ia l  1 content (th e



c e l ls  o f  In te r e s t )  were m arkedly reduced In  normal mammary 

t is s u e  compared to  m alignant t is s u e  (Cohen and Chan 1974). 

S im i la r ly ,  ;he  s o lu b le  cPDE le v e ls  (o n ly  cAMP te s te d  as th e  

s u b s tra te ) were found to  be ra is e d  In  human mammary tumours 

compared to  the normal t is s u e  co u n te rp arts  (S in g e r e t  a 7. 1976; 

Kung e t  #7. 1977) provided th a t  the j l s  were expressed on a 

per p ro te in  basis as averse to  DNA content (Kung e t  a 7. 1 977 ).

A d i f f e r e n t  f in d in g  appeared to  be tru e  In  r a t  DMBA-Induced 

mammary tumours versus normal t is s u e  (R llle m a  e t  a7. 1978).

When th e  data  were based on e i t h e r  kNA con ten t o r wet tis s u e  

mass the  cPDE le v e ls  were h ig h er In  the  tumours but on th e  

basis  o f e ith e r  so lu b le  p ro te in  o r DNA th e  cPDE le v e ls  were the  

same or less than those found In  normal mammary glands from  

v ir g in  or m id-pregnant ra ts  (R llle m a  e t  a7. 197C). C le a r ly , the  

heterogeneous n a tu re  o f b re a s t cancer and th . d i f f e r e n t  

e p i t h e l ia l  c e l l  content o f normal mammary tis s u e s  during  

pregnancy makes m eaningful comparisons o f cPDE le v e ls  and t h e i r  

re s p e c tiv e  su bstra tes  very d i f f i c u l t .  There have a ls o  oeen 

c o n f l ic t in g  fin d in g s  In  mammary c e l ls  In  c u ltu re  w ith  respect 

to  cPDE le v e ls  and t h e ir  s u b s tra te s . For example, ral mammary 

normal c e l ls  have been shown to  have h ig h er cPDE le v e ls  

compared to  tumour c e l ls  but th e  reverse  was shown a t  low cAMP 

concen tra tio n s  (0 .0 1  uM cAMP) (Cohen e t  a l .  1970).

Of in te r e s t ,  though, th e re  Is  evidence th a t  exogenous cAMP or 

analogues s tim u la te  the gtowth o f c u ltu ra d  human mammary c u lls  

(T a y lo r-P e p a d liiiitr lo u  e t  a l .  1980) and r a t  mammary tumour 

Im plants (K le in  and Lo1zz1 1977). O thers , using a c o llag en  gel
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system, have demonstrated th a t  c h o le ra  to x in  (an ir r e v e r s ib le  

s tim u la to r  o f adenyl cyc lase  lead in g  to  ra is e d  CAMP le v e ls )  

s tim u la te s  th e  growth o f m urine mammary e p i t h e l ia l  c e l ls  In  

c u ltu re  (Yang e t  a l .  1 979 ). These f in d in g s  suggest th a t  1n 

mammary e p i t h e l ia l  c e l ls  cAMP a c ts  as a p o s it iv e  s tim u lu s  fo r  

c e l l  p r o l i f e r a t io n .  In  v ivo  evidence fo r  t h is  has been shown In  

ra t  mammary glands where cAMP le v e ls  r is e  u n t i l  th e  end o f  

pregnancy (Sapag-Hagar and Greenbaum 1 9 7 4 (a )) . The l a t t e r  

authors have shown th a t  cPDE le v e ls  p a r a l le l  th e  r is e  o f  cAMP 

but not the f a l l  and thus the  cPDE le v e ls  (cAMP o n ly ) a ls o  

remain high during  la c ta t io n  (Sapag- Hagar and Greenbaum 

19 7 4 (b ); R lllem a  1976). N onetheless, the  above f in d in g s  do not 

seem to  apply when tumour c e l ls  e x h ib it  h igh le v e ls  o f  

oestrogen and progesterone recep to rs  In d ic a t iv e  o f horm onal!y  

dependent c e l ls  such as Is  th e  case In  DMBA-Induced r a t  tumours 

and HCF7 human breast cancer c e l ls .  In  these c e l l  types  

Cho-Chung and associates have demonstrated th a t  d lb u ty ry l cAMP 

caused In v ivo  regression  o f DMBA tumours and In v i t r o  

suppression o f MCF7 c e l ls  (Cho-Chung e t  a l .  1980; Cho-Chung 

1986). The la t t e r  authors found th a t  both cAMP and cPDE were 

g re a te s t In  regressing  DMBA tumours o f ovarectom lzed ra ts  

(M atus lk  and H 1 lf  1976; Cho-Chung e t  a l .  1 9 78 ). I t  should be 

noted, however, th a t th e re  1s one re p o r t , based on th e  same 

tumour model, where th e  opposite  was demonstrated ( Ip  and Dao 

1980). My s tu d ies  based on t h i  oestrogen rec e p to r co ntent o f  

human manvnary tumour c y to so ls  w ith  respect to  le v e ls  o f cPDE 

a c t iv i t i e s  d id  not y ie ld  c o r r e la t iv e  f in d in g s .



There has been r e la t iv e ly  l i t t l e  work concerning even the  

p a r t ia l  p u r if ic a t io n  and c h a ra c te r iz a t io n  o f  th e  s o lu b le  cPDE 

forms In  norm al, benign and n e o p la s tic  mammary tis s u e s  

(C h a tte r je e  ana K1m 1975; Cho-Chung and Newcomer 1977; M ullaney  

and Clegg 1984) p a r t ic u la r ly  1n humans (S in g e r e t  a l .  1976; 

L am er and R utherfo rd  1982 ). The l a t t e r  teams have p a r t i a l l y  

c h a ra c te rize d  th re e  o r more s o lu b le  mammary cPDE forms by 

an io n ic  exchange chromatography. A more thorough  

c h a ra c te r iz a t io n  o f th re e  s o lu b le  cPDE enzymes In  r a t  mammary 

t is s u e s , using s im ila r  tech n iq u es , has a lso  been given  

(M ullaney and Clegg 1984). S ig n if ic a n t ly ,  M ullaney and Clegg  

(1984) ascribed  th re e  fu n c tio n a l c h a ra c te r is t ic s  o f two o f the  

cPDE form s, resem bling type I  and type  IV  c la s s i f ic a t io n ,  th a t  

appeared unique to  r a t  mammary t is s u e s . There has a lso  been a 

re p o rt on th e  p a r t ia l  p u r i f ic a t io n  o f a membrane-bound mammary 

cPDE (ty p e  IV )  (A U ch lson  a t  a l .  1984).

U t i l i z in g  a d i f f e r e n t  approach, I  c h a ra c te r iz e d  the  m olecu lar  

s iz e s , not h ith e r to  reported  to  my knowledge, and k in e t ic  

p ro p e rtie s  o f  one o f the  so lu b le  forms o f th e  cPDE enzymes In  

normal and m alignant human mammary t is s u e . T h is  was achieved by 

adapting  a n a tiv e  po lyacry lam ide  e le c tro p h o re t ic  d isc  gel 

system to  s la b  gels  w ith  m o d ific a tio n s  to  Improve re s o lu tio n  o f  

d if f e r e n t  enzyme forms In  both normal and m alig n an t mammary 

t is s u e . Ferguson p lo t  a n a ly s is  o f  e le c tro p h o re s is  g e ls  req u ires  

a minimum o f tis s u e  which Is  a necessary p re re q u is ite  In  any 

human s tu d ie s . The c h a ra c te r iz a t io n  o f the  d i f f e r e n t  enzyme 

forms and th e  e f f e c t  o f EGTA are  discussed.
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M a te r ia ls  and Methods

Materials.

Human manmary tis s u e  (1 -3  g) was obtained through biopsy from  

p a tie n ts  during  ro u tin e  m edical o p e ra tiv e  procedures. A s e c tio n  

from each biopsy was subm itted fo r  m icroscopic a n a ly s is . The 

rem aining tis s u e  was im m ediately p laced In  l iq u id  n itro g e n  

(-•196° C) and stored  fo r  no longer than th re e  weeks. C y c lic  (8 -  

3H) AMP (s p . r a d io a c t iv it y  26 C1/mmol) was purchased from th e  

Radiochem ical C entre (Amersham,Bucks, UK); Cro ta l us  a t r ox  

5 ’ -n u c le o tid a s e  (Sigma grade IV ) ,  m olecular mass markers fo r  

non-denaturing  p o lyacry lam id e -g e l e le c tro p h o re s is , Jack Bean 

urease te tra m e r and d im er, bovine serum albumin dim er and 

monomer and bovine h e a rt c a lm o d u lIn -s tim u la te d  

phosphodiesterase were obta ined  from Sigma (Sigm a, S t Lou is ,

MO, USA); cAMP, a lk a l in e  phosphatase, 5 ’ -AMP, adenosine and 

calm odulin  were purchased from Boehringer (B o eh rln g er, Lewes, 

East Sussex, UK); m olecu lar mass m arkers, th y ro g lo b u lln  and 

ovalbumin fo r  non-denaturing  e le c tro p h o re s is  were obta ined  from  

Pharmacia (Pharm acia, Uppsala, Sweden); Dowex AG 1-X2 (2 0 0 -4 0 0 )  

and th e  B1o-Rad p ro te in  k i t  were from Bio-Rad (B1o-Rad 

L a b o ra to r ie s , Richmond CA, USA). A ll o th e r chem ica ls , o*  

a n a ly t ic a l grade, were purchased from Merck (M erck, D arm stadt, 

Germany) o r BDH (BDH Chem icals, Poole, D orset, UK).



Tissue cv to so l prgPflraU aD -

For th e  b iochem ical assays th e  tis s u e s  were p u lv e r iz e d  In  

l iq u id  n itro g e n  and homogenized In  4 p a rts  (w /v ) o f  e it h e r  o f  

two Ic e  co ld  b u ffe rs  which were A, 0 .01 M T r ls /H C I, pH 7 .5 ,  0 .3  

mM PMSF, 3 .7 6  mH m ercap toethano l. 1.1 H g ly c e ro l , 1 mM CaCl2 , 5 

mM HgCl2 ; B, 0 .0 6 2 . H T r ls /H C I,  pH 6 .8 ,  0 .3  mM PMSF, 3 .75  mM 

m ercaptoethhanol and 1.1 M g ly c e ro l.

Oestrogen recep to r d e te rm in a tio n .

These assays were ro u t in e ly  performed In  th e  Department o f 

N uclear M edicine by m yself w ith  te c h n ic a l ass is ta n c e  according  

to  p re v io u s ly  published methods (C e il in g s  a t  a l .  1980; Robinson 

• t  f '  1985 ). E s s e n t ia lly  th e  method In vo lved  a m u lt ip le  p o in t  

d extran -co ated  charcoal rad ioassay techn ique fo llo w e d  by 

Scatchard p lo t  a n a ly s is  (S catchard  1949) fo r  q u a n t i f ic a t io n  and 

c h a ra c te r iz a t io n  o f  th e  s te ro id  rec e p to rs .

C y c lic  n u c le o tid e  phosphodiesterase assay.

This was a tw o-step  rad ioassay o f  Thompson and Appleman (1971) 

and fu r th e r  m odified  by Azhar and Menon (1 9 7 7 ) . For ro u tin e  

assays, a 200 u l f in a l  In cu b atio n  m ix tu re  In c luded : b u f fe r  A,

3h cAMP (200000 dpm), un lab e l led  CAMP a t  1 and 100 uM 

co ncen tra tio n s  and s u ita b ly  d ilu te d  c y to s o ls . A f te r  Incubation  

fo r  10 m inutes a t  30° C, th e  tubes were p laced fo r  2 m inutes 1n 

a b o ilin g  w ater bath and then allow ed to  c o o l. 5 '-N u c le o tid a s e



was added to  each tube (1 u n it / tu b e )  In  a 50 u l a l iq u o t  and th e  

re a c tio n  m ix tu re  Incubated f o r  10 m inutes a t  37° C. The re a c tio n  

was te rm in a ted  by a d d it io n  o f  750 u i o f  a s lu r ry  ( 1 : 3 )  o f  

Bio-Rad AO 1-X2 re s in  and 3 mM a c e t ic  a c id . A f te r  v o rte x In g , 

th e  tubes were c e n tr ifu g e d  a t  SOOOxg In  a Benchtop c e n tr ifu g e  

fo r  10 m inutes and th e  r a d io a c t iv i t y  In  th e  supernatan t was 

measured by liq u id  s c i n t i l l a t i o n .  For k in e t ic  analyses th e  

s u b s tra te  c o n c e n tra tio n  range was from 0 .5  uM to  100 uM and th e  

enzymes were d ilu te d  to  p ro v id e  l in e a r i t y  In  th e  assays 

perform ed. No more than 25% o f  th e  sut ) was consumed In  

each assay. The u n it  o f  phosphodiesterase a c t iv i t y  was e i t h e r  

In  pmole o r nmole cANP hydro lyzed  per m inute per m ill ig ra m  

cytoso l p ro te in .

E ro ia in  D ete rm in a tio n .

P ro te in  was measured using th e  B1o-Rad p ro te in  assay k i t  

m odified  from  the method o f  B radford  (1 9 7 6 ) using bovine serum 

albumin as a standard .

Non-denaturing p o ly a c rv la m ld e -q e l e le c tro p h o re s is  and enzyme 

act iv i t y stain.
Crude mammary c y to so ls  were ro u t in e ly  run on 7.5% n a tiv e  

p o ly a c ry l • i -g e l  e le c tro p h o re s is  s lab s  using an LKB V e r t ic a l  

E le c tro p h o re s is  system accord ing  to  th e  method o f laem m ll 

(1970) w ith  th e  fo llo w in g  m o d ific a tio n s ; no SDS was used, 3 .75  

mM m ercaptoethanol In s tead  o f 0 .7 2  M and th e  tank o r  e le c tro d e



b u ffe r  (pH 8 .3 )  conta ined  2 .5  mM T r Is  and 19.2 mM g ly d n e .

Crude t is s u e  c y to s o ls  were loaded In  50 u l a liq u o ts  (<5 mg 

p ro te in  /m l)  and run a t  20 mA per s la b  (co n s tan t c u rre n t)  fo r  5 

hours a t  t °  C. Volumes o f  c y to s o l, I f  not homogenized nor 

e q u il ib ra te d  In  b u f fe r  B, had an equal volume o f  gel sample 

b u ffe r  added (0 .5  M T r1 s -H C l, pH 6 .8 ,  1 .1  M g ly c e r o l ,  0.025%  

bromophenol b lu e ) . Gels were s ta in e d  f o r  enzyme a c t i v i t y  from  

the  method o f  Goren and Rosen (1 9 7 1 ) , w ith  th e  fo llo w in g  

m o d ific a tio n s . A f te r  e le c tro p h o re s is , th e  ge ls  were p laced In  

f i l t e r e d  (Whatman NO.2 ) b u f fe r  (300 m l) o f 0 .1  H T r ls -m a le a te  

pH 7 .0  and g e n tly  rinsed  2 o r 3 tim es In  a c lean  p la s t ic  

c o n ta in e r . The f i n a l  re a c tio n  m ix tu re  was then added to  the  

slabs and conta ined  0 .1  M Tr1s /m a le a te , pH 7 .0 ,  2 .5  mM 

magnesium lu lp h a te , 1 .5  mM lead  n i t r a t e ,  a lk a l in e  phosphatase 

( lu n l t /m l )  and cAMP or cGMP a t 300 uM c o n c e n tra tio n  unless  

o therw ise  s ta te d . The s lab s  were Incubated  fo r  30 m inutes to  1 

hour a t  37° C o r o v e rn ig h t a t  room tem peratu re  w ith  g e n tle  

a g ita t io n  In  a w aterbath  shaker. A I1d  o r co ver, to  prevent 

e vap ora tio n  o f  th e  In cu b atio n  m ix tu re , was necessary. Then the  

gels were washed w ith  constant a g ita t io n  In  s e v e ra l changes o f  

d is t i l l e d  d e io n ized  w ater fo r  2 hours and developed fo r  2 

m inutes In  0 .01  M ammonium su lp h id e  s o lu t io n . The g e ls  were 

stored  1n d i s t i l l e d  w ater u n t i l  photographed o r analyzed by 

d ensitom etry  scanning using a Beckman D ensitom eter CDS 200.



P a r t ia l  p u r i f ic a t io n  af cPDE.

P re p a ra tiv e  g e ls , used fo r  Is o la t io n  o f enzyme fo r  k in e t ic  

a n a ly s is  o f cPDE (o n ly  CAMP te s t e d ) ,  were prepared as above 

except th a t  a b lank comb was used and a 2 cm wide v e r t ic a l  

s t r ip  o f th e  c e n tra l p o rtio n  o f  th e  gel was developed fo r  

a c t iv i t y  In  th e  minimum tim e  (2  hours) w h ile  th e  re s t o f  the  

gel was kept a t  0 -4 °  C. When th e  hands In  th e  c e n tra l p o rtio n  

were developed th e  area o f  undeveloped gel corresponding w ith  

th e  same R f as th a t  o f th e  a lig n e d  a c t iv i t y  bands was exc ised . 

The s t r ip s  (2 -3  mm) were p laced In  la b e lle d  g la s s  t e s t  tubes  

and homogenized w ith  a g lass  homogenlzer and e lu te d  fo r  24 

hours a t  4 ° C In  0 .2 6 -0 .5  ml o f  b u f fe r  A. The m ix tu re  was 

f i l t e r e d  through a H l l l lp o r e  0 .4 6  micron pore f i l t e r  under 

pressure and s to red  a t  -7 0 °  C u n t i l  a s u f f ic ie n t  q u a n tity  had 

been accumulated fo r  enzyme k in e t ic  a n a ly s is .

M o lecu lar m m  a n a ly s is  o f  s o lu b le  mammary cPDE by FarauaOD 

qM  a n a ly s is  o f  non -denatu ring  P Q lyaorylfflt ld Q -a t l  

tlaotrgphfl£9s.lai
This  was perform ed by m easuring Rf va lues  o f  a c t iv i t y  bands 

fo r  e i t h e r  cAMP o r cQMP a t  d i f f e r e n t  gel c o n c e n tra tio n s , w ith  a 

range from 5% to  8.5% , and c o n s tru c tin g  a Ferguson p lo t  o f  log  

Rf versus gel c o n cen tra tio n s  (Ferguson 1964; H edrick  and Smith 

1968; Bryan 1977). C o rrec tio n s  were made fo r  shrinkage o f the  

g e l, o ccurrin g  during  p ro te in  s ta in in g . The standards used 

were: T h y ro g lo b u lm , 669000; Jack Bean urease te tra m e r and
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d im er, 480000 and 240000; bovine ierum  albumin dim er and 

monomer, 133200 and 66000; chicken ovalbumin 45000.

I.nsyfeailao o£ human mwmAry cytosols of normal and mal i gnant 

tissues altti E5LL

The e f f e c t  o f In cubation  o f  human mammary c y to s o ls  o f  normal 

and m alignant tis s u e s  w ith  EGTA, an In h ib i to r  o f  

c a lm o d u lin -s e n s itiv e  cPOE c la s s i f ie d  as typ e  I  cPDE, was 

s tu d ie d . A liq u o ts  o f 500 u l o f cyo tso l (<5 mg p ro t# 1 n /m l) , were 

Incubated in  the  presence o f  1 mM o r 2 mM EGTA. In cu b a tio n  was 

c a rr ie d  out fo r  f i f t e e n  m inutes and p a r a l le l  c o n tro l samples, 

w ith o u t EGTA, were a ls o  run. A f te r  com pletion o f  th e  In cu b atio n  

the  c y to s o ls  were subjected  to  non-denatu ring  p o lyacry lam ide  

s la b -g e l e le c tro p h o re s is  as p re v io u s ly  o u t lin e d . The th eo ry  

behind th is  ra t io n a le  oelng th a t th e  EGTA removes calc ium  1m s  

which are  a necessary p re re q u is ite  fo r  th e  fu n c tio n a l  

conform ation o f type I  cPDE (see s e c tio n  on calm odulin  In  the  

In tro d u c t io n ) . Since th e  a c t iv i t y  In cu b atio n  steps c o n ta in  no 

calcium  Ions , the re s u lts  would be the  same as I f  EGTA had been 

added to  the  a c t iv i t y  In cu b atio n  m ix tu re . The advantage o f  my 

technique was th a t I  could run EGTA cy to so ls  and c o n tro l 

cyto so ls  on the same s lab  under Id e n t ic a l In cu b atio n  

c o n d itio n s .
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R esu lts

No c o r re la t io n  between cPDE le v e ls  a t  1 uM and 100 uM cAMP 

co n cen tra tio n s  and oestrogen re c e p to r co ntent In  42 human 

b reas t tumour cy to so ls  was found ( r < 0 .5 ) .  The range o f  cPDE 

a c t iv i t y  a t  luM cAMP was 0 .0 1 8 -0 .1 0 7  nmol/mln/mg p ro te in  and a t  

100 uM cAMP was 0 .5 6 1 -4 .6 6 7  nmol/mln/mg p ro te in . The tumour 

c y to so ls  were c la s s i f ie d  as hormone Independent I f  th e re  were 

less  than 10 fmol/mg p ro te in  o f  unbound oestrogen recep to rs  

presen t and recep to r r ic h  ( t h a t  Is  hormone dependent) I f  th e re  

were more than 10 f w l /m g  p ro te in  p re s e n t.

N on-denaturing  p o ly a c ry la m id e -g e l e le c tro p h o re s is  and a c t iv i t y  

st« .'• 'in g  o f  cPOE forms o f  human normal and m alignant cy to so ls  

were run on 5-8.5%  g e ls  as d e scrib ed . Three forms were revealed  

In  normal cy to so ls  ( la n e  1 F ig . 4 : la )  and s ix  bands reso lved  1n 

m alignant cy to so ls  ( la n e  2 F ig . 4 :1 a ) .  The normal tis s u e  

sometimes showed a fo u r th  l i g h t ly  s ta in in g  band. A t h ig h er gel 

co ncen tra tio n s  (>7%) few er forms could be reso lved  (F ig . 4 :1 a ) .  

In v a r ia b ly ,  m alignant tis s u e  c y to s o ls  e x lb lte d  o v e ra ll denser 

s ta in in g  a c t iv i t y  compared to  normal mammary c y to s o ls  run a t  

equal so lu b le  p ro te in  c o n cen tra tio n s  under Id e n t ic a l  

experim enta l c o n d itio n s . In  a d d it io n , e i t h e r  300 uM cAMP o r 

cGMP showed the same a c t iv i t y  p a tte rn  as analyzed  by 

d ensitom etry  scanning. A d ensitom etry  scan o f the  cPDE a c t iv i t y  

p r o f i le  o f human mammary tumour cy to so l a t  300 uH cAMP Is  shown 

(F ig . 4 :1 b ) . C ontrol experim ents perform ed In  the  absence o f 

cAMP, cGMP o r a lk a l in e  phosphatase re s u lte d  In  b lank ge ls  (as
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p re v io u s ly  shown In  th e  m urine tis s u e s  In  C hapter 2 ) .

In cu b a tio n  o f  th e  g e ls  In  th e  presence o f  cCMP, 5 *AMP, 

adenosine o r ATP d id  not produce any a c t iv i t y  bands. In cu b atio n  

o f th e  c y to so ls  w ith  1sobuty Im ethy1xan th ln e  (100 uM) a f t e r  

e le c tro p h o re s is  showed com plete In h ib i t io n  o f  a c t i v i t y  ( r e s u lts  

same as fo r  u te r in e  t is s u e s  In  C hapter F iv e ) .  Ferguson p lo ts  

fo r  th e  a c t iv i t y  bands 1 ,3 ,4  and 6 and th e  In d iv id u a l data  fo r  

each band are  shown (F1g. 4 :2  and Tables 4:1 and 4 : 2 ) .
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Table 4 :1 . M olecular asses (M r) and charge d e n s it ie s  tYo) 

obtc tned from Ferguson p lo t  a n a ly s is  o f  cPDE a c t i v i t y  bands 1n 

cy to so ls  from human m alignant and normal b re a s t t is s u e s . Gels  

were run and a c t i v i t y  bands developed as d escribed  In  M a te r ia ls  

and Methods. Each re s u lt  Is  th e  mean o f  th re e  experim ents .

Band No. Mr SO Yo SO

1

M alignant

168000 5000 2 .37 0 .0 5

2 158000 6300 2 .59 0 .0 8

3 160000 7600 2.71 0.11

4 161000 8000 2.81 0 .0 9

5 163000 6500 2 .95 U.09

6 160000 6200 3.21 0 .09

1

Normal

167000 5400 2 .39 C.06

: 160000 6300 2 .62 0 .0 9

3 162000 5800 2 .73 0 .0 9

4 161000 7500 2 .8 4 0 .1 0
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Tab le  4 :2 . Data o f  the  m o lecu lar masses o f  cPDE bands In  

cyto so ls  o f  human m alignant and normal b reas t t is s u e  observed  

fo llo w in g  p re In cu b a tio n  o f  the c y to s o ls  w ith  1 mM EOTA. Each 

re s u lt  Is  th e  mean o f th re e  experim ents .

Band No. Mr ±  SD Yo £  SD

F ig  4:1b

IE , lane 2 171000 7800 2 .4 2 0 .0 8

2E, lane 2 134000 7500 2 .27 0 .0 9

IE , lane 4 181000 8100 2 .3 8 0 .0 9



F ig . 4 :1 a . The so lu b le  cPDE a c t i v i t y  p r o f i le s  o f  human 

m alignant and normal b reas t t is s u e  run on n on -denatu ring  

polyacry lam ide  s lab  g e ls , a ) normal cytoso l ( la n e  1) and 

m alignant cy to so l ( la n e  3 ) run on 5% acry lam lde  g e l,  b ) normal 

cytoso l ( la n e  1) and m alignant c y to fv l ( la n e  3 ) run on a 7% 

acry lam lde g e l ,  c ) normal cytoso l ( la n e  1) and m alignant 

cytoso l ( la n e  3) run on a 7.5% g e l.  Lanes 2 and 4 In  a ) ,  b ) and 

c ) shew normal and m alignant c y to s o ls  a f t e r  p re trea tm en t w ith  2 

mH, 1 mM and 2mM EQTA re s p e c tiv e ly . S o lub le  p ro te in  loaded was 

5 mg/ml 1n 50 u l a liq u o ts .



F ig . 4 :1 b . D ensitom etry scan o f  th e  s o lu b le  cPDE a c t i v i t y  

p r o f i le  o f human m alignant mammary cytoso l run on nd PAGE (5  mg 

prote1n/m l In  a 50 u l a l iq u o t )  coupled to  th e  cPDE a c t iv i t y  

s ta in . S e n s i t iv ity  s e tt in g  = 3 . The s u b s tra te  c o n cen tra tio n  was 

100 uM cAMP. The r e la t iv e  cPDE a c t iv i t y  1n each peak as a % o f  

th e  to ta l  tumour cPDE a c t iv i t y  was: background o f tumour 9%; 

band 1 o f tumour 17%; bands 2 to  5 o f tumour 64%; band 6 o f  

tumour 11%.

Irection of run
TUmour IOOuMcAMP
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F1g. 4 :2 . Ferguson p lo t  o f cPDE enzymes from crude c y to so ls  o f  

human normal and m alignant b re a s t t is s u e . Samples were run a t  

d if f e r e n t  gel co ncen tra tio n s  from  5 -8 * .  For each gel 

c o n c e n tra tio n , th e  p lo t  o f  R f ( lo g a r ith m ic  s c a le ) o f  the  

a c t iv i t y  bands versus gel co n c e n tra tio n  (%) was constructed  

from th e  re s u lts  (mean s .d . )  o f  th re e  sep ara te  runs, by using  

le a s t-s q u a re s  l in e a r  reg re s s io n . The p lo ts  re p re s e n t:  

band 1 ( # ) ,  band 2 (►) and band 4 (■ )

I
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In  m alignant b re a s t tis s u e  th e re  appear to  be two d if f e r e n t  

m olecu lar mass forms namely band 1 o f  approx im ate ly  Mr 169000 

and bands 2 -6  o f Mr 160000 ±7000 w ith  d i f f e r e n t  charges. Enzyme 

k in e t ic  a n a ly s is  o f th e  m alignant band 1 form , e x tra c te d  as 

described In  th e  methods, gave a L lnew eaver-Burk p lo t  as shown 

In  F ig . 4 :3 . The p lo t  fo r  th e  band 1 form  was n on -11 near and 

the  d ata  In d ic a te d  e ith e r  two o r more enzyme forms o r an 

a l lo s t e r lc  enzyme e x h ib it in g  n e g a tive  c o -o p e ra t1 v 1 ty . The 

apparent Km va lues  were 3 .8  and 60 urn w ith  re s p e c tiv e  Vmax 

values o f  4 .6  and 26 nmol/mg p ro te in  /m 1n. P re In cu b a tio n  o f  

human mammary cy to so ls  w ith  EOTA showed lack  o f  In h ib i t io n  o f  

band 1 and appearance o f anomalous forms o f  low er m o lecu lar  

mass and charge Increase  In  both normal and m alignant t is s u e  

(F ig . 4 : 1 c ) . The apparent m o lecu lar masses In  d a l tons and 

charge d e n s it ie s  are  summarized In  T ab le  4 :2 .
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F ig . 4 :3 . K in e tic s  o f  cPDE a c t iv i t y  o f  th e  band 1 form from  

m alignant b re a s t t is s u e . Assays were done between 0 .5  uM and 

100 uM cAMP c o n c e n tra tio n s . R esu lts  o f  a re p re s e n ta tiv e  

experim ent a re  shown as a Llnew eaver-Burk p lo t  (L lnew eaver and 

Burk 1934). Two k ln e t lc a l ly  d is t in c t  forms a re  apparent w ith  Km 

values o f 3 .8  uM and 50 uM.
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Discussion

The fa c t  th a t  no c o r re la t io n  between cPDE a c t iv i t y  and 

oestrogen rec e p to r content was apparent In  human mammary cancer 

cyto so ls  may have been due to  th e  heterogeneous n a tu re  o f  the  

d if f e r e n t  tumour t is s u e s . A lso I t  Is  w e ll e s ta b lis h e d  th a t  

p a tie n ts  who are  oestrogen re c e p to r p o s it iv e  do not a l l  respond 

to  hormone a b la t io n  therapy (Robinson e t  a 7. 1986) which 

im p lies  e i t h e r  n o n -fu n c tlo n a 1 recep to rs  o r  mixed p o p u la tio n s  o f 

recep to r r ic h  and poor c e l ls  w ith  th e  l a t t e r  being s e lec ted  

durin g  th e ra p y . In  s h o r t, th e  la rg e  number o f v a r ia b le s  

summarized below could  w e ll e x p la in  why no c o r re la t io n  was 

found.

1. E p i th e l ia l  content o f the d i f f e r e n t  tumours was not 

e s ta b lis h e d .

2. The tumours may have contained both oestrogen-dependent and 

oestrogen-independent c e l ls .

3. The unbound oestrogen recep to rs  measured may not have been 

fu n c t io n a l, th a t  ' j ,  the  tumour growth was horm one-Independent.

4. S ince on ly  unbound recep to rs  a re  measured using th e  standard  

methodology, those recep to rs  s a tu ra te d  w ith  endogenous 

oestrogen would not be d e te c te d . T h is  would Im ply v a r ia t io n  In  

rec e p to r content c u rin g  the  fem ale c y c le .

C le a r ly , fo i such com parative measuren.ants to  be m eaningful the  

tis s u e s  s tu d ied  should be w ith in  th e  same anim al a t  a s p e c if ie d  

day o f the  cyc le  fo r  in vivo  assessments and 1n d i f f e r e n t  c e l l  

l in e s  tre a te d  under Id e n t ic a l c o n d itio n s  fo r  In v i t r o  s tu d ie s .
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Cytosol from human mammary t is s u e  co u ld , however, be resolved  

In to  s ix  bands o f enzyme a c t iv i t y  by non -denatu ring  

e le c tro p h o re s is  on s labs  o f lower gel c o n c e n tra tio n s  (< 7X ). 

Furtherm ore, th is  p a tte rn  was c o n s is te n t In  a l l  the d i f f e r e n t  

mammary tumours s tu d ie d . Normal mammary t is s u e  appeared to  show 

only  4 bands (F ig . 4 :1 a ) o f  a c t i v i t y .  In v a r ia b ly ,  m alignant 

tis s u e  c y to so ls  e x h ib ite d  o v e ra ll denser s ta in in g  a c t iv i t y  

compared to  normal mammary c y to so ls  a t  equal s o lu b le  p ro te in  

c o n c e n tra tio n s . T h is  was e v id e n t In  over s ix  sep ara te  

experim ents. This  f in d in g  Is  In  agreement w ith  Kung and 

asso c ia tes  (1977) who found th a t  cPDE a c t i v i t y  was markedly  

ra ised  In  human mammary carcinomas p rovided  th e  re s u lts  were 

compared per u n it  mass o f t is s u e  o r per u n it  mass o f  c e l lu la r  

p ro te in , when the d a ta  was expressed as enzyme a c t i v i t y  per 

c e l l  by these w orkers, however, th e  enzyme a c t i v i t i e s  were 

reversed between the  c e l l  typ es . Since I  was unable to  

a s c e rta in  th e  e p i t h e l ia l  content o f  the  mammary t is s u e s  I  

stud ied  no d e f in i t iv e  observa tio n s  can be made reg ard in g  my 

f in d in g s . Measuring th e  DNA content m uId  not have circum vented  

the  problem because I t  1s w e ll e s ta b lis h e d  th a t m alignant 

mammary c e l ls  o fte n  e x h ib it  p o ly p lo id y  (P rasad 1 980 ).

The m a jo r ity  o f the  s ta in in g  a c t iv i t y  appeared to  be associated  

w ith  a c t iv i t y  band 4 1n m alignant b reas t cytoso l and band 2 In  

normal tis s u e  which had the  same Rf as th a t  o f band 4 o f  

m alignant t is s u e . The a c t iv i t y  p a tte rn  o f  th is  band, w ith  the  

same Rf 1n both normal and m alignant t is s u e s , would suggest 

th a t th is  wa« a common form o f cPDE h y d ro ly z in g  both cAMP and



cGMP. There was a ls o  the  presence o f  a d d it io n a l forms 

associa ted  w ith  b re a s t cancer. Whether these forms are unique 

to  m alignant human mammary t is s u e  remains to  be f u l l y  

determ ined since I t  Is  p o ss ib le  th a t  th e  gel techn ique used 

m ight not have been s u f f ic ie n t ly  s e n s it iv e  to  d e te c t those  

bands a t  th e  s o lu b le  p ro te in  c o n cen tra tio n  o f  normal mammary 

t is s u e  used which was the  same as th a t  fo r  th e  m alignant 

t is s u e s  (5  mg s o lu b le  p ro te in  per m l) .

L am er and R utherfo rd  (1982 ) reported  on cPDE In  In d iv id u a l  

human mammary d u c ta l carcinomas and fibroadenom as. They 

observed a t le a s t th re e  forms In  both t is s u e  types th a t  were 

separable  w ith  an 1on1c g ra d ie n t on OEAE-Sephacel. Of In te r e s t ,  

was t h e i r  f in d in g  th a t  the enzymes o f crude m alignant cy to so ls  

e x h ib ite d  n on -11 near k in e t ic s , as would be expected fo r  more 

than one form , but th a t  o v e ra ll they  e x h ib ite d  h ig h er a f f i n i t y  

than the  enzymes from  benign tumours.

At le a s t th re e  d is t in c t  forms o f cPDE have been rep o rted  In  

normal r a t  m am .cy t is s u e s , using a s im ila r  means o f  

biochem ical sep ara tio n  to  th a t  o f L am er and R utherfo rd  (1 9 8 2 ) , 

which e x h ib it  unique p ro p e rtie s  compared to  th e  same cPDE types  

In  o th e r tis s u e s  (M uHaney and Clegg 1984).

Ferguson p lo t a n a ly s is  o f th e  a c t iv i t y  bands observed In  the  

present siudy revea led  two d if f e r e n t  m o lecu lar mass species and 

a c lu s te r  o f f iv e  charge Isomers (T a b le  4 :1 )  1n m alignant 

c y to s o ls . Band 1 appeared to  be a d is t in c t  enzyme not o n ly  in  

having a s l ig h t ly  h ig h er m olecu lar mass o f about 169000 but 

also  In  being com plete ly  u n in h ib ite d  by p re in cu b a tio n  w ith  EQTA



a t co ncen tra tio n s  as hlfah as 2 mM (F ig . 4 :1 b ) . T h is  would 

suggest th a t band 1 1s a unique enzyme th a t  Is  calm odulin  

Independent. C alm odulIn -Independent enzymes have been described  

In  th e  l i t e r a t u r e  and are  encompassed In  th e  c la s s i f ie d  type  

I I ,  type I I I  and type IV  enzymes. S ince th is  a c t i v i t y  band was 

always present 1n e ith e r  In cu b atio n  w ith  cAMP o r cQMP th is  

would preclude type  I I I  forms which p r e fe r e n t ia l ly  hyd* ily ze  

. cGMP and th e  type IV  enzymes th a t a re  s p e c if ic  f o r  CAMP. The 

type I I  cPDE enzymes are  In te r e s t in g  In  th a t  a t  c e r ta in  

co ncen tra tio n s  o f  cAMP, m icrom olar co ncen tra tio n s  o f  cGMP 

a c tu a lly  s tim u la te  th e  h y d ro ly s is  o f  cAMP.

K in e tic  a n a ly s is  o f  band 1, using cAMP as s u b s tra te , In d ic a te d  

n o n -lin e a r  k in e t ic s  on double re c ip ro c a l p lo ts  showing apparent 

n ega tive  c o o p e ra t Iv lty . T h is  could e i t h e r  suggest th e  presence  

o f more than one enzyme, not s u f f ic ie n t ly  separated  as a re s u lt  

o f th e  method described h e re , or one enzyme e x h ib it in g  

a l lo s t e r lc  p ro p e r t ie s . The l a t t e r  being a fe a tu re  o f re g u la to ry  

enzymes, although s p e c u la tiv e , 1s favoured by m yse lf. The 

c a lc u la te d  Xm values o f ap prox im ate ly  3 .8  uM and 50.1 uM were 

not d is s im ila r  from those p re v io u s ly  reported  fo r  crude human 

mamn - cy to so ls  (L a rn e r e t  a 7. 1982) and r a t  mammary cy to so ls  

(C h a tte r je e  1975). No comment can be made on th e  m olecu lar mass 

o f 169000 as t h is  1s the f i r s t  r e p o r t , to  my knowledge, on the  

enzyme In  human b re a s t t is s u e .

The f iv e  o th er more a n io n ic  bands observed In  m alignant 

cyto so ls  e x h ib ite d  Id e n t ic a l approxim ate m o lecu lar masses o f  

160000 da ltons  but w ith  d i f f e r e n t  r 'w g e  d e n s it ie s . These forms
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were In h ib ite d  by 2 mM EQTA and could  th e re fo re  be regarded as 

c a 1c 1um/ca1modu1in -d ependent. Bands 3 to  5 were observed 1n the  

normal c y to so ls  but not 2 and 6 . Whether these forms represen t 

Isoenzyues o f  d i f f e r e n t  subunit s tru c tu re  o r d is t in c t  enzymes 

Is  s t i l l  to  be e lu c id a te d . Recent re p o rts  by o th e r workers  

(Sharma e t  a 7. 1984) using monoclonal a n tib o d ie s  have shown In  

bovine b ra in  a calm odulin-dependent cPDE (ty p e  I )  composed o f 

two d if f e r e n t  s u b n i ts  T h is  g ives r is e  to  th re e  Isoenzymes, 

two heterodim ers and one homodimer.

Ferguson p lo t  a n a ly s is  o f  th e  anomalously m ig ra tin g  form seen 

In  both normal and m alignant t is s u e  Incubated 1n th e  presence 

o f EGTA (arrow ed band In  F ig . 4:1 a ,b ,  and c )  revea led  an 

apparent Mr o f  136000. This  would f i t  1n w e ll w ith  th e  

hypothesis th a t  th is  band represen ts  cPDE a c t iv i t y  o f norm ally  

calm odulin-dependent form (ty p e  I )  w ith  two m olecules o f  

calm odulin  removed, hut s t i l l  e x h ib it in g  basal a c t iv i t y .

The re s u lts  described  here emphasizes th e  advantage o f s lab  gel 

e le c tro p h o re s is  over d isc  gels  when comparing th e  d i f f e r e n t  

e le c tro p h o re tic  forms o f cPDE forms presen t In  variou s  human 

t is s u e s . The method 1s a ls o  u sefu l f o r  the  s ep ara tio n  and hence 

k in e t ic  c h a ra c te r iz a t io n  o f the  In d iv id u a l forms using small 

amounts o f crude c y to s o l. The technique should prove u se fu l fo r  

the  a n a ly s is  o f  the enzyme forms 1n o th e r human tis s u e s  

p a r t ic u la r ly  w ith  respect to  the e f f e c t  o f  In h ib i to r s  under 

d if f e r e n t  In cubation  c o n d itio n s .
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CHAPTER FIVE

SOLUBLE cPDE FORMS IN  HUMAN LEIOMYOMA OF THE UTERUS 

O b je c tiv e s

The alms of this study were to characterize the soluble cPDE 

enzymes from cytosols of human leiomyoma of the uterus and the 

corresponding normal human myometrium tissue and also o purify 

the leiomyoma forms wnore possible. Since uterine leiomyoma are 

large benign tumours I t  was possible to collect sufficient 

quantities of the tissue for purification studies. The 

characterization of the leiomyoma and myometrium cPDE enzymes 

was achieved by non-denaturing po1yacry1 am1de-ge1 

electrophoresis followed by a specific cPDE-actlvlty stain and 

analysis of the observed forms by Ferguson plot (Ferguson 

1964). I was able to establish the presence of at least seven 

forms o* soluble cPDE lit the uterine tissues. Partial 

purification of leiomyoma cPDE bands 3 to 6 was attained 

through batch anionic-exchange chromatography of cytosolic 

supernatant followed by a ff in ity  chromatography, native and SOS 

polyacrylamide-gel electrophoresis. The possible relationship 

of cPDE. enzymes and oestrogen-receptor content In the two 

uterine tissues was also Investigated.



In tro d u c tio n

The ro le  o f c y c lic  n u c le o tid e s  as "second messengers" and hence 

In t r a c e l lu la r  m ed iators  o f many p h y s io lo g ic a l, b iochem ical and 

pharm acological a c tio n s  Is  w e ll e s ta b lis h e d . Indeed , cQMP Is  

Im p lica ted  1n the  In o s l t o l - l lp ld  pathway (B e rrld g e  and Ir v in e  

1 9 8 4 (a )) (see Chapter 1 In  th is  th e s is ) .  At p re s e n t, th e re  a re  

few re p o rts  1n th e  l i t e r a t u r e  on th e  p u r i f ic a t io n  and 

c h a ra c te r iz a t io n  o f  the  cPDE enzymes found In  human t is s u e s .  

This has been done In : human p la te le ts  (H ldaka and Asano 1976; 

Grant and Colman 1984; Liekawa e t  a7. 1984 ); In  leukaem ia c e l ls  

(O na ll e t  a 7. 1985); In  human f a t  c e l ls  (K uH bayash i e t  a 7. 

1987); human pregnant and nonpregnant myometrium (K o fln as  e t  

a 7. 1987); and 1n human c a rd ia c  v e n tr ic le  (Reeves e t  a 7. 1987). 

The l a t t e r  th re e  p u b lic a tio n s , In  f a c t ,  have o n ly  rep o rted  on 

the p a r t ia l  p u r if ic a t io n  and c h a ra c te r iz a t io n  o f  some o f  the  

human cPDE forms.

The u teru s  Is  composed o f two d is c re te  ta r g e t  t is s u e s ; the  

endometrium which Is  o f e p i t h e l ia l  o r ig in ;  and secondly the  

myometrium which, although composed o f sev e ra l la y e rs  o f  c e l ls ,  

1s e s s e n t ia l ly  d e riv e d  frc.n smooth m uscle. In  th is  th e s is ,  

comparisons o f cPDE forms were th e re fo re  made between the  human 

leiomyoma tumour and ad jacen t human myometrium from th e  same 

p a tie n t undergoing hysterectom y, s ince both tis s u e s  are  o f 

smooth mucle o r ig in .  I  have a ls o  s tu d ied  th e  co n ten t o f 

oestrogen and progesterone r e ^ p to r s  1n these two tis s u e s  

(Sadan e t  a 7. 1987) as o thers  have shown th a t  progesterone and

1 na



oestrogen, In  a d d itio n  to  o th e r s te ro id  hormones and 

gonadotropins, a re  Im p lic a te d  1n c y c lic  n u c le o tid e  metabolism  

(E tln g o f e t  a l .  1984; V a lle t -S tro u v e  e t  a 7. 1 9 8 4 ).

E a r ly , I t  was demonstra-.ad th a t  oestrogen hormone 

a d m in is tra tio n  to  ovarlec tom lzed  ra ts  was a sso c ia ted  w ith  an 

I n i t i a l  ra p id  Increase In  th e  u te r in e  concentrat i  o f cAMP 

(Szego and Davis 1967). Another group rep o rted  th a t  a t  le a s t  

p a rt o f th is  acute response was th e  re s u lt  o f  Increased  

production  o f cAMP by adenyl cyc lase  (R osenfe ld  and O’ M a lley  

1970). I t  has a lso  been suggested th a t  cAMP Is  a m ed ia tor In  

the  a c tio n  o f lu te n lz ln g  hormone (LH) and f o l l ic le - s t im u la t in g  

hormone (F S H )(G off and Armstrong 1977). Since th e  

m ld-S even tles , th e re  appear to  have been a t  le a s t  f iv e  

d if f e r e n t  groups who have s tu d ied  cPDE a c t i v i t i e s  In  u te r in e  

t is s u e s  o f  humans, monkeys and r a ts ,  although com plete  

p u r if ic a t io n  and ex te n s iv e  c h a ra c te r iz a t io n  o f  any o f the  

d if f e r e n t  forms o f cPDE have not been a tta in e d  u n t i l  now. The 

re s p e c tiv e  f in d in g s  o f these d i f f e r e n t  groups w i l l  be discussed  

and t h e ir  re s u lts  compared to  th e  re s u lts  ob ta in ed  on human 

leiomyoma and myometrium tis s u e s  1n th is  th e s is .



M a te r ia ls  and Methods

Matar.I.als,

C y c lic  ( 8 - 3H) AMP (s p e c if ic  r a d io a c t iv i t y  26 d /m m o l) was 

purchased from the  Radiochem ical C entre  ( Arnersham, B ucks., UK); 

Crota lus  a t r o x  5 ’ -n u c le o tid a s e  (Sigma grade IV ) ,  m o lecu lar mass 

markers Jack Bean urease te tra m e r and dim er and bovine serum 

albumin dim er and monomer markers f o r  non-denaturing  

polyacry lam 1de-gel e le c tro p h o re s is  and bovine h e a rt calm odulin  

s tim u la te d  phosphodiesterase were obta ined  from Sigma (Sigma, 

S t.L o u is , MO, USA)1 cAMP, cQMP, a lk a l in e  phosphatase, 6 * -AMP, 

adenosine and calm odulin  were purchased from BoehMnger 

(B oehM nger, Lewes, East Sussex, UK); m o lecu lar mass markers 

fo r  SOS e le c tro p h o re s is , non-denaturing  e le c tro p h o re s is  and 

sucrose g ra d ie n ts , and Cyanogen Bromide a c tiv a te d  iepharose  

were obta ined  from Pharmacia (Pharm acia, Uppsala, Sweden);

Dowex AG 1 -X 2 (200-400) and the B io-Rad p ro te in  k i t  were from  

Bio-Rad (B io -R a j L a b o ra to r ie s , Richmond, CA, USA); 0EAE-S2 was 

obta ined  frorr BOH (BOH Chem icals, P oo le , O o rse t, UK); The 

theophy111ne-Sepharose a f f i n i t y  m a tr ix  was prepared by the  

method o f Marchmont a t  a h  (1 9 8 1 (a ) ) ;  A l l  o th e r  chem icals o f 

a n a ly t ic a l grade were purchased from Merck (M erck, D arm stadt, 

Germany) o r BDH.

I1&S.U9 S ltQ M l p re p a ra tio n .

Leiomyoma, myometrium and u te r in e  t is s u e  specimens were
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obta in ed  from p a t ie n ts , d u rin g  t o t a l  hysterectom y fo r  ro u tin e  

m edical procedures, through biopsy (2 -6  y u te r in e  t is s u e  and 

10-30 g leiomyoma). The rem aining t is s u e  was subm itted fo r  

h is to lo g ic a l a n a ly s is . The specimens were fro ze n  Im m ediately  In  

l io u ld  n itro g en  and s to red  a t  -1 9 6 °  C fo r  no more than two 

weeks. For th e  variou s  b iochem ical assays, th e  t is s u e s  were 

p u lv e r iz e d  In  l iq u id  n itro g e n  and homogenized In  4 p a rts  (w /v )  

o f e i t h e r  o f th re e  Ice  co ld  b u ffe rs  namely: A 0 .01  M T r1 s /H C l, 

pH 7 .5 ,  0 .3  mM PMSF, 3 .7 5  mM m ercap toethano l, 1 .1  M g ly c e r o l ,  1 

mM CaCl2 , 5 mM MgClg: B 0 .0 2 5  M Im 1dazo le /H C l, pH 7 .5 ,  0 .3  mM 

PMSF, 3 .75  mM m ercap toethano l, 1.1 M g ly c e ro l;  C 0 .0625  M 

T r1 s /H C l, pH 6 .8 ,  0 .3  mM PMSF, 3 .75  mM m ercaptoethanol and 1.1  

M g ly c e ro l, f f t e r  hom ogenization, e x tra c ts  were spun a t  

I50000xg or 60 m inutes and th e  supernatants  were s to red  a t 

-7 0 °  C u n t i l  used fo r  e le c tro p h o re s is  o r enzyme a c t iv i t y  

d e te rm in a tio n s .

P u r i f ic a t io n  g f  so lu b le  cPQE in  human la ls in m s  by a f f i n i t y

P u lv e rize d  leiomyoma (30 g) was homogenized a t  4 ° C 1n b u ffe r  B 

and c e n tr ifu g e d  a t I50000xg fo r  60 m inutes. About 150 ml o f  

c le a r  supernatant was ad ju s ted  to  0 .1  M w ith  NaCl and added to  

50 ml 0E-52 re s in  p re v io u s ly  e q u il ib ra te d  w ith  b u f fe r  B. Th is  

was washed 1n th e  ad justed  b u ffe r  u n t i l  no more p ro te in  was 

d e te c te d . The 0 .1  M NaCl f r a c t io n  was p e lle te d  w ith  70*  

ammonium su lp h ate  and s to red  a t  -7 0 °  C. The DE-52 re s in  was then
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e lu te d  w ith  about 50 ml o f  b u f fe r  B ad ju s ted  to  0 .4  H w ith  

N a d . Th is  0 .1 - 0 .4  H N a d  f r a c t io n  was added to  20 ml o f  

theophy111ne-Sepharose a t  4° C w ith  g e n tle  a g ita t io n  f o r  15 

hours. The a f f i n i t y  re s in  was then re p e a te d ly  washed w ith  

b u f fe r  B /0 .4  M N a d  u n t i l  no more p ro te in  was e lu te d . The 

a f f i n i t y  re s in  was e lu te d  w ith  about 20 ml 0 .4  M N a d /b u f f e r  B 

c o n ta in in g  500 uM 1sobuty1methy1xan th 1ne (M IX ) and g e n tly  

a g ita te d  fo r  2 hours. The re s in  was f i l t e r e d  through a porous 

f i l t e r  and th e  f i l t r a t e  was brought up to  70% w ith  s o lid  

ammonium s u lp h a te , a llow ed  to  stand on Ic e , and then spun a t  

40000xg a t  4 °  C fo r  30 m inutes. The p e l le t  was s to red  -7 0 °  C 

b efo re  fu r th e r  p u r i f ic a t io n .  F u rth e r p u r i f ic a t io n  was e it h e r  by 

p re p a ra tiv e  n on -denatu ring  p o ly a c ry la m id e -g e l e le c tro p h o re s is  

and e x tra c t io n  o f the  enzyme from th e  a c t iv i t y  band, which was 

then subjected  to  SOS p o ly a c ry la m id e -g e l e le c tro p h o re s is , o r by 

sucrose g ra d ie n t u lt r a c e n t r i fu g a t io n .

C v d lc  n u c le o tid e  phosphodiesterase 3554%,

T h is  was a tw o -s tep  rad ioassay o f  (Thompson and Appleman 1971; 

Thompson e t a h  1974) and fu r th e r  m o d ified  by Boudreau and 

Drummond (19 7 5 ) and Azhar and Menon (1 9 7 7 ) . For ro u tin e  assays, 

a 200 ul f in a l  In cubation  m ix tu re  Inc luded: b u f fe r  A ,3H-cAMP 

(200000 dpm), unlabel led  cAMP a t 1 and 100 uM c o n cen tra tio n s  

and s u ita b ly  d ilu te d  c y to s o ls . A f te r  In cu b a tio n  fo r  10 minutes 

a t 30° C, th e  tubes were p laced fo r  2 m inutes In  a b o i l in g  w ater 

bath and then allow ed to  c o o l. 5 ‘ -N ucleo t1dase was added to



each tube (1 u n it / tu b e )  In  a 50 u l a liq u o t  and th e  re a c tio n  

m ix tu re  Incuoated fo r  10 m inutes a t  37° C. The re a c tio n  was 

te rm in a ted  by a d d it io n  o f  760 u l o f  a s lu r r y  (1 :3 )  o f  Bio-Rad 

AG 1-X2 re s in  In  3 mM a c e t ic  a c id . A f te r  v o rte x In g , th e  tubes  

were c e n tr ifu g e d  a t  SOOOxg fo r  10 m inutes and th e  r a d io a c t iv ity  

In  th e  supernatant was measured by l iq u id  s c i n t i l l a t i o n .  For 

k in e t ic  analyses the s u b s tra te  c o n c e n tra tio n  range was from 0 .5  

uM to  100 uM and th e  enzymes were d ilu te d  to  provide l in e a r i t y  

1n th e  assays perform ed. No more than 26% o f  the  s u b s tra te  was 

consumed In  each assay. The u n it  o f  phosphodiesterase a c t iv i t y  

was e it h e r  In  pmole o r nmole cAMP hydrolyzed  per m inute per 

m illig ra m  cytoso l p ro te in .

P ro te in  D e te rm in a tio n .

P ro te in  was measured using  th e  B1o-Rad p ro te in  assay k i t  

m o d ified  from th e  method o f  B radford  (1 9 7 6 ) using bovine serum 

album in as a standard .

Non-denatur1ng co 1 vac rv l ami d e -g e l e lec tfO P hdreS lS  and 9JliYM  

a c t i v i t y ita lH i.

C y c lic  n u c le o tid e  phosphodiesterases were ro u t in e ly  run on 7.5%  

. is t lv e  p o ly a c ry la m id e -g e l e le c tro p h o re s is  s lab s  using an LKB 

v e r t ic a l  E le c tro p h o re s is  system according to  the  method of 

Laemmll (1970 ) w ith  th e  fo llo w in g  m o d ific a tio n s ; no SOS was 

used, 3 .75  mM m ercaptoethanol In s tead  o f 0 .7 2  M and th e  tank or 

e le c tro d e  b u ffe r  (pH 8 .3 )  conta ined  2 .5  mM T r ls  and 19.2  mM

203
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g ly c in e . Crude tis s u e  cy to so ls  o r p u r if ie d  e x tra c ts  were loaded 

1n 50 u l a liq u o ts  (5  mg p ro te in /m l)  and run a t  20 mA per s lab  

(co n stan t c u rre n t) fo r  5 hours a t  4 °  C. Volumes o f c y to s o l, I f  

not homogenized or e q u ilib ra te d  in  b u f fe r  C, had an equal 

volume o f gel sample b u f fe r  added (0 .5  M T r ls -H C l, pH 6 .8 ,  1.1  

M g ly c e ro l, 0.025% bromophenol b lu e ) . Gels were s ta in e d  fo r  

enzyme a c t iv i t y  from th e  method o f Goren e t  a l .  (1 9 7 1 ) , w ith  

tn e  fo llo w in g  m o d ific a tio n s . The gels  were p laced In  f i l t e r e d  

(Whatman N o .2) b u f fe r  (300 m l) o f 0 .1  M T r ls -m a le a te , pH 7 .0 ,  

and g e n tly  rinsed  2 o r 3 tim es . The f in a l  re a c tio n  m ix tu re  was 

then added to  the  s labs  snd contained 0 .1  H T r ls /m a le a te , pH 

7 .0 , 2 .5  it*  magnesium su lp h a te , 1 .5  mH lead  n i t r a t e ,  a lk a l in e  

phosphatase (1 u n it /m l)  and cAMP or cGMP a t 300 uH 

c o n cen tra tio n  unless o therw ise s ta te d . The s lab s  were Incubated  

fo r  30 m inutes to  1 hour a t 37u C or o v e rn ig h t a t  room 

tem perature w ith  g e n tle  a g ita t io n  in  a u te rb a th  shaker. Then 

the  gels  were washed w ith  constant a g ita t io n  In  severa l changes 

o f d i s t i l l e d  d e io n ized  w ater fo r  2 hours and developed fo r  2 

m inutes In  0 .01 M ammonium su lph ide s o lu t io n . The g e ls  were 

stored  in d i s t i l l e d  w ater u n t i l  photographed or analyzed by 

densitom etry  scanning using a Beckman D ensitom eter CDS 200. 

P re p a ra tiv e  gels used fo r  Is o la t io n  o f enzyme fo r  k in e t ic  

a n a ly s is  or SOS polyacry lam i d e -g e l e le c tro p h o re s is  were 

prepared as above except th r.t a b lank comb was used and a 2 cm 

v e r t ic a l s t r ip  o f the c e n tra l p o rtio n  o f th e  gel was developed 

fo r  a c t iv i t y  In  the  minimum tim e (2 hours) w h ile  th e  re s t o f 

the gel was kept a t 0 -4 °  C. when the  bands 1n th e  c e n tra l



p o rtio n  were developed th e  a rea  o f undeveloped gel 

corresponding w ith  th e  same Rf as th a t  o f  th e  a lig n e d  a c t iv i t y  

bands was exc ised . The s t r ip s  (2 -3  mm) were p laced 1n la b e lle d  

glass t e s t  tubes and homogenized w ith  a g lass homogen'zer and 

e lu te d  fo r  24 hours a t  4 ° C In  0 .2 5 -0 .5  ml b u f fe r  A. The m ixtu re  

was f i l t e r e d  through a M i l l  1 pore 0 .4 5  urn pore f i l t e r  under 

pressure and stored  a t  -7 0 °  C u n t i l  a s u f f ic ie n t  q u a n tity  had 

been accumulated fo r  enzyme k in e t ic  a n a ly s is . The above method 

was a ls o  used as th e  f in a l  p u r i f ic a t io n  step  o f th e  enzyme from  

leiomyoma except th a t  th e  f i l t e r e d  e lu e n t was p re c ip ita te d  w ith  

ice  co ld  ethanol and th e  p ro te in  run on SDS p o lyacry lam i de-ge l 

e le c tro p h o re s is  as described  by Laemml1 (1 9 7 0 ) .

M o le c u la r  mass a n a ly s is  a t  W l l S  nuq lqQ tldS P hM B h o dlM tS raaS  

n o n -d e n a tu r in g  oolvacrylamlderaftl qlqotrpphorai l Sx

Thls  was performed by measuring Rf va lues  o f a c t iv i t y  bands a t 

d if f e r e n t  gel c o n c e n tra tio n s , from a range o f 5% to  8.5% , and 

co n s tru c tin g  a Ferguson p lo t  o f log  Rf versus gel c o n cen tra tio n  

(Ferguson 1964; Rodbard and Chrambach 1971; Bryan 1977). 

Shrinkage o f the gel o c c u rrin g  d urin g  p ro te in  s ta in in g  o f the  

standards was co rrec ted  f o r ,  when e s tim a tin g  the  

e le c tro p h o re tic  m o b il ity .  The fo llo w in g  standards (o b ta in ed  

from Sigma) were used: T h y ro g lo b u lIn , 669000; Jack Bean u re a s i 

te tra m e r and d im er, 480000 and 240000; bovine serum albumin  

dimer and monomer, 132000 and 66000; and chicken ovalbum in, 

4 5 0 0 0 .



M o lacu lar mass d a ta rm ln a tlo n  sf £EC£ MfflS fey SllfiiaSfi aE fld lflllt  

v - r ^ p t r l f u f l a t l o n , -

Cor.tlr.uous 10 ml l in e a r  sucrose g ra d ie n ts  o f 1 0 -3 0 * (w/w) 

c o n ta in in g  0 .0 5  M T r ls /H C I, pH 7 .5 . 0 .0 5  M NaCI were prepared  

accord ing  to  th e  method o f  M a rtin  and Ames (1 9 6 1 ) . An a liq u o t  

(200 u l )  o f c le a r  supernatant o f e it h e r  crude leiomyoma cy to so l 

(5  mg p ro te in /m l)  o r p u r if ie d  leiomyoma e x t r a c t ,  which had been 

e q u ilib ra te d  In  b u f fe r  A e i t h e r  by d .e ly s ls  o r exchange by 

passing through a sm all 0 -2 5  column, was addeu to  the  sucrose  

g ra d ie n t and c e n tr ifu g e d  fo r  16 hours using a Beckman SW 41 T1 

ro to r  In  a Beckman LB-70 U lt r a c e n tr lfu g s  a t  40000 rpm (w2t  = 

1 .0 l x l0 12sec) a t  5° C. F ra c tio n s  (0 .5  m l) were c o lle c te d  from  the  

top downwards and each a liq u o t  was assayed fo r  cPOE. a c t i v i t y  a t  

two s u b s tra te  c o n cen tra tio n s  o f 1 and 100 uM cAMP. C a ta la s e , Mr 

232000, 11.6 S; a ld o la s e , Mr 156000, 7 .8  S; a lbum in, Mr 67000,

4 .4  S; ovalbum in, Mr 43000, 3 .5  S and chymotrypslnogen A, Mr 

25000, 2 .5  S were used as sed im entation  standards .
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R esu lts

non -denatu ring  p g iv c rv la m ld e -g e l lU f i l r a a h r C M l l  r s a u l t ix

N on-denaturing  p o ly a c ry la m ld e -g e l e le c tro p h o re s is  and a c t iv i t y  

s ta in in g  o f cPDE forms on 7.5% g e ls  o f leiomyoma c y to so ls  

revea led  th re e  a c t iv i t y  bands fo r  cAMP and cOMP, as shown (F ig .  

5 :1 b ) .  Reducing th e  gel c o n c e n tra tio n  to  6% o r less  reso lved  

seven a c t iv i t y  bands fo r  leiomyoma, myometrium and u te ru s  (F1g. 

5 :1 a ) .  When th e  same s o lu b le  p ro te in  co ncen tra tio n s  o f 

leiomyoma (5  mg p ro te in /m l)  and myometrium (5  mg p ro te in /m l)  

from th e  same p a t ie n t  were loaded on ge ls  I t  was always noted 

th a t  the  leiomyoma cPDE a c t iv i t y  bands were less  dense (see  

F ig s . 5 :1 a , 5 :2 b , 5 :2 c ) .  C ontro l experim ents perform ed in  th e  

absence o f cAMP, cGMP o r a lk a l in e  phosphatase, showed no 

a c t iv i t y  (as seen fo r  m urine mammary tumour c y to s o ls  In  Chapter 

2 ) .  In cu b atio n  in  the presence o f cCMP, 5 '-AMP o r adenosine d id  

not produce any a c t iv i t y  s ta in in g  (F ig .  5 :2 a ) .  

P ost-e l*cLrop h o res1s  In cu b atio n  o f  g e ls  w ith  M Ia  (100 uM) gave 

com plete In h ib i t io n  (F1g. 5 :2 a ) .  These c o n tro l re s u lts  were the  

same as those found In  c y to s o ls  o f  m urine t is s u e s  (C hapter 2) 

and human mammary tis s u e s  (Chapte* 4 ) .  D ensitom etry scans o f  

human leiomyoma and myometrium c y to s o ls  showed increased  

s o lu b le  cPDE a c t iv i t y  In  th e  myometrium compared to  leiomyoma
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F„ .  5 ;1 .  s o lu b la  cPDE . c t l v t t l . .  o f  u t . n o .  00 n « 1 » .

p o l , « r , l « 1 U .  9. l - . 1.c t r o p h o r . t l« .  S o lu b l.  p r o f l o  l o . 0 . 0  . . .

5 to 50 u. .m o o t . ,  sm.1.0 ( • )  of o r^o  Of“ “ ’ s ^

0 U ..O  ^.lom yon. (U ,  » » o « t n u .  (M). u t . r u .  (U) « r .  ru n ,

. .  described  In  th e  e x o e r W o t . l  M o t io n  .n d  . M I o M  fo r  cPOE 

e c t lv 1 ty  . t  «» 0 .1  c o o o .n tr .t1 o o  d e p ic tin g  » v . n  b e n d ., 1 -7 . 

semples (b )  o f crude le lc y o m . . . r e  run » t  7 . 5 .  gel 

c o o ceo trs tlo o  and s ta in e d  fo r  cPOE .1 t h  both cAHP end cGKP. 

Samples (c )  .n d  Cd, o f crude l.lom yom . c y to .o ls ,  l . o .  0 "  th e  

r ig h t  o f  eech p lc t u r . ,  M r .  run In  th e  p r . . . o c .  o f  1 »

EOT A.

CAMP cQMP

I



F „ .  5 :1 . solubla =P0E .ctlvttl.. of otortn. tl,.u.. oo n.t1»o 
0 .„ « r» l-1 d . ool-*loctrophoro»l». Solubl. proUIn 10.0.0 . . .

5 .^ .1  1. SO 01 .uooot,. s«,p l.. ( .)  of oroo. =yto.=l. of 

b ..o  l.lomyom. CL). m,om.trlo. CM), .nd ot.ru. « r .  rob.

. .  d .s c r lb e d  In  t h .  . « p . r i ™ o t . l  »otloo .od  » . 1 n 1  fo r  CPOE 

a c t iv i t y  . t  6» 9 .1  c o n c .o tr .t1 o o  d .p 1 = t1 o , . • « "  " n d , .  1 -7 . 

smpl.. (b )  o f  c ro d . l.to m y c o . .. .  run a t  7.6% gel 

c o o c .o tr .t1 o o  .od  » t .1 n .d  fo r  cPOE .1 t h  both  c*hP .o d  cOHP. 

Sample, (c )  .o d  (d )  o f c ro d . l. lo o y o m . c y to « .1 . ,  1 .0 .  oo t h .  

r ig h t  o f M Ch p lc t o r . ,  . « . = l . s  .  .  roo 10 t h .  p r . .o o c .  o f 1 *

EOT A.



F ig .  6 :2 a . C ontro l g e ls  w ith  human leiomyoma c y to s o ls  coupled  

to  th e  s p e c if ic  cPDE a c t iv i t y  s ta in .  S o lub le  p ro te in  loaded was

5 mg/ml in  50 u l a liq u o ts .

C ontro l (1 )  rep resen ts  an In cu b a tio n  In  th e  presence o f cOMP. 

C ontro l (2 )  Is  In cu b atio n  In  th e  c.esence o f 5 '-AMP and c o n tro l 

(3 )  w ith  adenosine. In  c o n tro l ( 4 )  the  In cu b atio n  was perform ed  

in  th e  presence o f MIX (100 uM).
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5 : 2b . t o n s . t o ^ t r ,  , = . n .  o f  t h .  cPOE . c t W H ,  p r o f t l .  o f  

OUMO leiomyoma oytoaol (5  . g / e l  p ro te in  In  a to  o ' a l iq u o t )  

„nen run on nd PACE oouplto  to  too  oPOE a o t lv l t y  s te in  e t  100 

un camp ( l e f t )  end 100 uM cOMP ( r i g h t ) .  S e n s i t iv i t y  s e t t in g  =

2 . The r e la t iv e  oPOE a c t iv i t y  In  each p eak (s ) as a 1  o f th e  

t o t a l  oPOE a c t iv i t y  was: background o f leiomyoma 12* a t  100 uH 

camp and 1* a t  100 uM cOMP; band 1 o f  leiomyoma 2 2 *  a t  100 uM 

CAMP and 23* a t  100 uM cOMP; band 2 o f leiomyoma 16* a t  100 uM 

CAMP and 2 1 * a t  100 uM cOMP; bands 3 -6  o f  leiomyoma 5 0 * a t  100 

UM cAMP and 55% a t  100 uM cGMP.

Direction of run— Leiomyoma IOOuM cAMP Leiomyoma IOOu M cOMP

1.1
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F ig . 5 :2o . D e n s ltc -e try  scan o f  th e  cPDE a c t i v i t y  p r o f i le  o f  

human myometrium cytoso l (5  mg/ml p ro te in  In  a 100 u l a l iq u o t)  

when run on nd PAGE coupled to  th e  cPDE a c t i v i t y  s ta in  a t  100 

uH oAMP. S e n s i t iv ity  s e t t in g  = 2 . The r e la t iv e  cPDE a c t iv i t y  

in  each p eak(s ) as a X o f  th e  t o t a l  cPDE In  th e  myometrium scan 

was: background o f mvometrlum 3«; band 1 o f  myometrium 23%; 

band 2 o f myometrium 22%; bands 3 -6  o f myometrium 60%; band 7 

o f myometrium 3%. N ote, th a t  th e  s e n s i t iv i t y  s e t t in g  and 

s o lu b le  p ro te in  loaded were id e n t ic a l to  <F1gs.5:2b  and 5 :2 c ) ,  

and ye t th e  area  under th e  peaks In  the  myometrium p r o f i l e  were 

c le a r ly  g re a te r  than those In  th e  leiomyoma p r o f i l e .  Th is  

suggests th a t  th e re  1s g re a te r  s o lu b le  cPDE a c t i v i t y  In  human 

myometrium cy to so ls  compared to  human leiomyoma c y to s o l.

Myometrium lO O yM  cAM P
•—Directionof run
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Ferguson p lo ts  fo r  th e  a c t iv i t y  bands 1 ,2 ,3  and 6 and th e  

In d iv id u a l data  fo r  each band a re  shown (F ig . 5 :3  and Table

5 : 1 ) .

T ab le  5 :1 . C h a ra c te r iz a t io n  o f  cPDE a c t iv i t y  In  human 

leiomyoma, myometrium and u te ru s  using Ferguson p lo t  a n a ly s is . 

A ll ge ls  were In  abated In  th e  presence o f 300 uM cAMP.

Band No. Mr S .D . Yo

charge

d e n s ity

No. o f  

p o in ts

r 2

1 229000 4000 2 .49 8 .396

2 186000 3000 2 .6 4 7 .995

3 175000 3000 2 .98 4 .980

4 175000 3000 3 .08 6 .990

5 173000 3000 3 .16 8 .993

6 173000 3000 3 .36 7 .996

7 162000 4000 3 .39 7 .994

I t  would appear th a t  th e re  a re  fo u r forms o f d i f f e r e n t  Mr 

namely 229000 (band 1 ) ,  186000 (band 2 ) ,  173000-175000 (bands 

3 -6 ) and 162000 (band 7 ) .  Bands 3 -6  rep resen t forms o f  s im ila r  

m olecu lar mass but d i f f e r e n t  charge d e n s it ie s .
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