
294 Specialia EXPERIElqTIN 32]3 

shown) to  be  unaffec ted  b y  P G E  1 as well. The possibi l i ty  
t h a t  P G E  1 m i g h t  af fect  t he  ac t iv i ty  of acetyl-CoA 
carboxylase  in vivo cannot ,  however ,  be comple te ly  ex- 
c luded since: 1. t he  effect  of P G E  1 on the  ac t iv i ty  of th is  
enzyme migh t  d i sappear  in the  course of the  in vi t ro  
technica l  procedure  of the  enzymat i c  m e a s u r e m e n t ;  
2. under  the  op t imal  expe r imen ta l  condi t ions  descr ibed 
in the  l i te ra ture  for the  in v i t ro  m e a s u r e m e n t  o~ the  

ac t iv i ty  of th is  enzyme,  a possible effect  of P G E  1 migh t  
be masked.  

The increase in 1-14C ace ta te  incorpora t ion  into f a t t y  
acids of per fused  livers migh t  be due to  an effect  of PGE~ 
on the  f a t t y  acid synthes is ,  the  esterif ication,  or poss ibly  
on both .  I t s  effect  upon ester i f icat ion could, in fact,  resul t  
in a shif t  of f a t t y  acids t oward  ester i f ieat ion which  would  
upse t  t he  equi l ibr ium of t he  f a t t y  acid synthes is  itself. 
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Summary. A cell line f rom h u m a n  n e p h r o b l a s t o m a  was  employed  to  induce a solid, t r ansp lan tab le  t u m o r  in nu/nu 
mice. GGTP was p roduced  by  these  t u m o r  cells, and  its presence  in the  serum of mice accura te ly  ref lected the  presence 
of tumor .  

H u m a n  neph rob l a s toma  (Wilm's tumor) ,  a renal  ma-  
l ignancy found  general ly  in young children,  is associated 
wi th  a va r i e ty  of d is t inc t ive  measurable  features.  Neph-  
rob las toma  pa t i en t s  have  abnorma l  mucinous  mater ia l  in 
the i r  circulat ion,  urine and  t u m o r  tissues~-4; cy to tox ic  
react ions  be tween  the i r  l ymphocy te s  and  t u m o r  cells 
occurS; and unusual  an t igens  can be isolated f rom t u m o r  
tissue6, L The significance of these  assor ted  f indings 
could be more  quickly apprec ia ted  if a sui table  in vivo 
model  were available for the i r  sys t emat i c  evaluat ion.  
Such a model  m a y  be found in the  use of c o n g e n i t a l l y  
a t h y m i c  (nu/nu) mice as a hos t  for he t e ro t r ansp l an t a t i o n  
of h u m a n  tumors ,  a sys tem offering unparal le led  experi-  
men t a l  access to  a n u m b e r  of p roblems requir ing con- 
t rol led s tudies  of in situ t u m o r  g rowth  s-l~ 

The a im of our s t u d y  was to follow the  g rowth  of a 
t r ansp l an t ab l e  t u m o r  der ived f rom an es tab l i shed  h u m a n  
neph rob t a s toma  cell line and to s t u d y  the  fate  of the  
y-g lu tamyl  t r anspep t ida se - ac t i v i t y  (GGTP, E.C.2.3.2.1.) 
in th is  t u m o r  when  grown b o t h  in vi t ro  and  in vivo. 

Material and methods. A h u m a n  neph rob l a s toma  cell 
line (CCL31, TuWi) ma in t a ined  in monolayer  cul ture was 
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Fig. 1. Solid tumor 4 weeks after 
subcutaneous inoculation of 5 • 
l0 s trypsiuized TuWi cells grown 
in vitro, showing encapsulation 
and extensive peripheral blood 
supply. Tumor diameter approxi- 
mately 0.7 cm. 
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Fig. 2. Distribution of T-glutamyi- 
transpeptidase as reaction product 
a) in monolayer culture of human 
nephroblastoma ceil line (CCL31, 
Tn'Wi) and b) in solid tumor 
derived from this cell line grown 
in nulnu mice. 

a d a p t e d  to  g rowth  as a solid t u m o r  in vivo b y  subcuta-  
neous inocula t ion of t ryps in ized ,  washed  cells in to  male 
mice ca r ry ing  the  nu/nu homozygous  geno type  on a 
mixed  B A L B / c  and  A2G genet ic  background  ~1. 5 serial 
in v ivo  passages  have  been  pe r fo rmed  to da te  b y  t r ans -  
ferr ing 5-10 m m  3 of minced  t u m o r  tissue, f reshly  ob- 
t a ined  f rom a previous  mouse  passage,  to a new hos t  by  
subcu taneous  t rocar .  Pe r  g ram t u m o r  t issue to  be exam-  
ined, 2 ml  p h o s p h a t e  buffered  saline conta in ing  0.02% 

Extraction of GGTP from solid tumor 

GGTP activity ~ Activity b (%) 

Tumor homogenate 1100/- 100 
Supernatant fraction 720/740 65 
Sediment c 500/600 50 

~International units (IU) per literlK Values are given for duplicate 
determinations from tumor pools of 3 ~hosts. bBased on comparison 
with whole homogenate, c Residual supernatant activity in the 
unwashed, suspended pellet material probably accounts for the 
apparent excess recovery of GGTP activity. 

t e t r a s o d i u m  e thy lened iamine  were added ;  the  t issue was 
homogenized  in a P o t t e r - E l v e h j e m  appa ra tus  and  shaken 
at  room t e m p e r a t u r e  for I h. This  homogena t e  was centr i -  
fuged 30 rain a t  6000 • g, t he  s u p e r n a t a n t  was saved and  
the  pel le t  was  resuspended  to  t he  original h o m o g e n a t e  
volume.  GGTP was de t e rmined  for b o t h  of these  f ract ions  
and  for the  whole  h o m o g e n a t e  12. The enzyme-ac t iv i t y  
was also d e t e r m i n e d  in t he  sera of t umor -bea r ing  mice 
a t  d i f fe rent  t imes  before and  af ter  surgical r emova l  of the  
t umor .  The  GGTP isoenzymes  were  revealed  b y  t h e  
cellogel s t r ip  e lect rophoresis  t echn ique  descr ibed b y  
PATBL et al. la. The h i s tochemica l  local izat ion was exam-  
ined b y  the  m e t h o d  of 1R~JTE~B~RG et al. .4 using the  
subs t r a t e  N- (y -L-g lu tamyl ) -4 -methoxy-2-naph thy lamide  
(Cyclo Chemical  Corp., Los Angeles, CMiI., USA).  

Results and discussion. 5 out  of 7 mice receiving the  
ini t ial  inoculum developed tumors  b y  ap p ro x i ma t e ly  
3 weeks. The remain ing  2 failed to  grow t u m o r  even af ter  
10 weeks. The resul t ing subcu taneous  t u m o r  (Figure 1) 
showed mul t ip le  encapsu la ted  lobes w i th  va ry ing  degrees 
of cent ra l  necrosis,  and a high degree of per iphera l  vascu-  
lar izat ion.  Macroscopically,  no invas iveness  was ap-  
parent .  This  was  conf i rmed by  histological  examina t ion ,  
which  also failed to  d e m o n s t r a t e  metas tas i s  to  the  liver, 
spleen, k idney  or dra in ing  l y m p h  nodes of t umor -bea r ing  
mice. The solid t u m o r  showed a r a the r  un i form pic ture  
of und i f f e ren t i a t ed  cells wi th  f r equen t  mitoses.  E l emen t s  
of connec t ive  t issue were found  at  the  pe r iphe ry  of t u m o r  
lobes. K a r y o g r a m s  of t he  original  cul ture  and  of cul tures  
der ived  f rom exp lan t s  of the  solid t u m o r  conf i rmed t h a t  
t he  t u m o r  growing in mice represen ted  the  original  cell 
line. B o t h  d e m o n s t r a t e d  a clearly h u m a n  ch romosome  
morphology,  and a high f requency  of cells w i th  chromo-  
some n u mb er s  be tween  60-65, charac ter i s t ic  of the  TuWi  
cell line 15. Thus  the  t u m o r  was easily t r ansp lan tab le ,  and  
re t r ievable  as an in v i t ro  culture.  Surgical  r emova l  o f  
t umors  was possible w i t h o u t  subsequen t  t u m o r  relapse. 
Hi s tochemica l  de tec t ion  of GGTP-ac t i v i t y  revealed  re- 
m a r k a b l y  dense deposi ts  of enzyme react ion p ro d u c t  on 

Fig. 3. Eleetrophoretie separation of ~'-glutamyltranspeptidase in 
tissue extracts of 1. nephroblastoma tumor grown in nu/nu mice, 
2, fetal human kidney and 3. fetal human liver. 
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m o n o l a y e r  cu l tu res  of T u W i  cell line, a n d  in sect ions  a n d  
i m p r i n t s  of t he  solid t u m o r  der ived  f rom th i s  line. All  
cu l tu red  t u m o r  cells showed  a h igh  degree of e n z y m e  
ac t iv i ty ,  w i t h  ex tens ive  depos i t s  of r eac t ion  p r o d u c t  oc- 
cur r ing  in cells w i t h  mi tos i s  a n d  in  areas  of dense  cell 
g r o w t h  in  la te  cu l tu res  (Figure 2a).  T he  solid t u m o r  
p rov ided  a mass ive  a m o u n t  of u n i f o r m  t i ssue  r ich  in 
G G T P  (Figure 2b) a n d  i t  was  the re fo re  easy  to e x t r a c t  
f rom t h e  t u m o r  h o m o g e n a t e  suff ic ient  amoun t s ,  ap-  
p r o x i m a t e l y  65% of t o t a l  e n z y m e  ac t iv i ty ,  in to  a super-  
n a t a n t  f r ac t ion  (Table).  

The  p roposed  role of th i s  wide ly  d i s t r ibu ted ,  m e m b r a n e -  
associa ted  e n z y m e  as a t r ans locase  in amino  acid t r a n s -  
p o r t  15 a n d  i ts  a c c u m u l a t i o n  in var ious  t issue, n o t a b l y  t he  
k idneys ,  wh ich  are ac t ive ly  i nvo lved  in th i s  process,  
undescore  i t s  possible  s ignif icance in n e p h r o b l a s t o m a .  
F e t a l  a n d  a d u l t  k idneys  show h igh  concen t r a t i ons  of 
G G T P  in t h e  b r u s h  borders  of p r o x i m a l  convo lu t ed  
tubu le s  ~. The  presence  of th i s  e n z y m e  in severa l  r ena l  
t umors ,  as r epo r t ed  b y  ALBERT et  al.~L and  s ho r t l y  
t h e r e a f t e r  also descr ibed  in W i l m ' s  t u m o r  (nephroblas -  
toma)  is, h a s  been  a d v a n c e d  as ev idence  for t h e i r  or igin 
in  ceils of t he  p r o x i m a l  tubules .  

As G G T P  has  been  shown  to  express  t issue-specif ic  
i soenzyme forms  19, a n d  to  be  p r e s e n t  in  t he  s e r u m  ele- 
v a t e d  levels du r ing  ce r t a in  s tages  of some m a l i g n a n t  
d isorders  20-~, we also m a d e  a t t e m p t s  in  these  two direc- 
t ions .  R e p e a t e d  e x a m i n a t i o n s  us ing  cellogel s t r ip  electro-  
phores is  t e c h n i q u e  showed  t h a t  e n z y m e  e x t r a c t e d  f rom 
the  n e p h r o b l a s t o m a  h a d  a m o b i h t y  c o m p a r a b l e  to  t h a t  
G G T P  der ived  f rom n o r m a l  fe ta l  a n d  a d u l t  h u m a n  
kidney,  b u t  s lower t h a n  t h a t  of t h e  e n z y m e  f rom fe ta l  
l iver  (Figure 3). As a control ,  k i d n e y  a n d  panc reas  t i ssue  
e x t r a c t s  f rom t h e  h o s t  of t he  t u m o r  ( the t u m o r b e a r i n g  

mouse)  were used. Here  aga in  t he  t u m o r  t i ssue  e x t r a c t  
showed  mob i l i t y  iden t i ca l  w i t h  t h a t  of t he  k i d n e y  a n d  
d i f fe ren t  f rom t h a t  of t h e  p a n c r e a t i c  enzyme.  A d u l t  
mouse  l iver  d id  n o t  show a n y  G G T P  a c t i v i t y  ~4, 29. 

P r e l i m i n a r y  e x a m i n a t i o n s  of G G T P  a c t i v i t y  in t h e  
s e r u m  of n e p h r o b l a s t o m a - b e a r i n g  mice  showed  a c t i v i t y  
4 days  before  surgical  r e m o v a l  of t h e  3-week-old t u m o r  
a n d  on  t he  d a y  of r e m o v a l  a n  ave rage  of 15 IU/1. 3 a n d  
7 days  a f t e r  t u m o r  resec t ion  e i the r  no  e n z y m e  a c t i v i t y  
or t r aces  on ly  could  be  found  in t h e  serum.  Since t h e  
s e rum level  of G G T P  in t u m o r - b e a r i n g  mice was qu i t e  
r e m a r k a b l y  e l eva t ed  over  t h a t  f ound  in con t ro l  mice  be-  
fore t h e  t u m o r  i m p l a n t a t i o n ,  a n d  in i t ia l  e x p e r i m e n t s  
showed  t h a t  these  va lues  r e t u r n e d  to  n o r m a l  fol lowing 
surgical  resect ion,  th i s  sugges ted  t h a t  se rum G G T P  
o r ig ina t ed  in t h e  t u m o r .  Whi l e  t h e  t u m o r  is e n c a p s u l a t e d  
a n d  n o t  invas ive ,  i ts  ex tens ive  pe r iphe ra l  va scu l a r i za t i on  
m a y  p e r m i t  r e a d y  access of t u m o r - d e r i v e d  subs tances  
in to  t he  c i rcula t ion .  I t  r e m a i n s  unc lea r  w h e t h e r  t h e  
e n z y m e  is ac t ive ly  secre ted  or  is re leased u p o n  necro t ic  
de s t ruc t i on  of t u m o r  t issue.  
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Summary.  I so tope  c o m p e t i t i o n  e x p e r i m e n t s  w i t h  Lemna minor L. i nd i ca t e  t h a t  SOs-sulfur  en t e r s  t h e  su l fur  a m i n o  
acids of t he  p ro t e in s  a n d  t h e  su l foquinovose  of t he  sulfolipids fol lowing ox ida t i on  to SO42- a n d  s u b s e q u e n t  reduc t ion .  

P l a n t s  t ake  u p  a g r ea t  a m o u n t  of sul fur  dioxide,  a n  
a t m o s p h e r i c  p o l l u t a n t  wh ich  is m a i n l y  p roduced  b y  
b u r n i n g  of fossil fuels 8. Thus ,  p l a n t s  c an  p l ay  a s ign i f ican t  
role ill r educ t ion  of t h e  c o n c e n t r a t i o n  of a toxic  gas;  a t  
t he  same  t i m e  t h e y  can  sa t i s fy  a t  leas t  p a r t  of t h e i r  
su l fur  r equ i r emen t s ,  unless  t he  c o n c e n t r a t i o n  of SO S is so 
h i g h  t h a t  t h e y  are  d a m a g e d  or  kil led 4. I n  p lan t s ,  t he  
abso rbed  SO s occurs  p r e d o m i n a n t l y  in  t h e  fo rm of SO~ ~- ~. 
I n  v i t ro  s tud ies  w i t h  p l a n t  e x t r a c t s  h a v e  d e m o n s t r a t e d  
t h a t  SOs 2- c an  e i t he r  be  oxidized to  SO42- 5, e or reduced  
to  H~S 7-0. If, in  vivo,  t he  a b s o r b e d  SO s is oxidized, t h e  
sul fur  is me tabo l i zed  as sulfate,  t he  n o r m a l  sul fur  source 
of p l a n t s  1~ If  t he  SO s is reduced,  t he  sulfide could be  
used d i rec t ly  for f o r m a t i o n  of cys te ine  1~ in a r eac t ion  
wh ich  is q u a n t i t a t i v e l y  t h e  m o s t  i m p o r t a n t  s tep  for sulfur  
incorporation into organic c o m p o u n d s  l~ Another impor- 
tant reaction, in which SO~ "- could be used without prior 
reduction or oxidation, is the formation of 6-sulfoquino- 
vose found ill the sulfolipids of plants 12. 

The results reported here show to what extent the 
systems for reduction and oxidation of SO3 2-, which have 
been demonstrated in vitro, may he significant in vivo 
in the duckweed Lemna minor L. and how far SO S is used 
directly for the formation of sulfolipids. 

I n  t h e  F igure  resu l t s  of a n  i so tope  c o m p e t i t i o n  exper i -  
m e n t  are p r e sen t ed  in wh ich  duckweed  was c u l t i v a t e d  ill 
a n  a t m o s p h e r e  w i t h  0.3 p p m  SO s on  a n u t r i e n t  so lu t ion  
c o n t a i n i n g  ~5SO4 ~-. The  specific ac t iv i t i e s  of t h e  sul fur  
in  t he  sulfate,  t he  pro te ins ,  a n d  t h e  sulfolipids,  r eached  
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