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Exencephaly in litters of foetuses from mice raised on tap or hard water 

EXPI~RIENTIA 33/4 

Maternal No. of No. Total Total No. Normal Exencephalic foetuses 
water supply mice pregnant implants litter size resorbtions foetuses 

Tap water 32 16 98 6.1 
(2.8 mg % Ca) (50%) 

Hard water 78 32 240 7.9 
(109 mg % Ca) (40%) 

Hard --~ 
soft' at mating 48 10 66 6.5 

(21%) 

32 64 6 
(42%) (13%) 

94 124 22 
(44%) (!8%) 

24 26 16 
(36%) (33%) 

w i t h  lowered fer t i l i ty  (a l though l i t ter  size and  n u m b e r  of 
resorp t ions  were similar  to those  of controls) and  more  
exencephal ics .  
In  man,  i t  has  bee n suggested t h a t  neural  tube  defects  
such as anencepha lus  and spina bif ida m i g h t  be corre la ted  
wi th  softness of dr inking wa te r  l - a  a l though  Fielding and 
Smithel ls  4 were unable  to d e m o n s t r a t e  th is  correla t ion in 

Sou th  W e s t  Lancashire .  In  th is  shor t  series in the  mouse,  
a corre la t ion does seem to be present ,  b u t  in reverse,  wi th  
more  neural  tube  defects  in the  offspr ing of mice exposed  
to ha rd  water .  The effect  of t r ans fe r  f rom ha rd  to  soft  
wa te r  a t  mat ing,  designed to t e s t  w h e t h e r  the  effect  was 
upon  the  foetus  or the  ma t e rn a l  physiology,  seems merely  
to  add  an ex t ra  t rauma.  

Preparation of fixed antigenic, non-oncogenic and protective neoplastic cells 

A. A. H a k i m  
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2d September 1976 

Summary. Transp lan tab le  spon taneous  m a m m a r y  adenocarc inoma  and sa rcoma P 1798 cells were incuba ted  wi th  
vibrio cholera neuramin idase  (VCN), t h e n  f ixed cells d e m o n s t r a t e d  abi l i ty  to exclude t r y p a n  blue dye  and to  im- 
munized  animals  and  produce  cy to tox ic  sera of h igh  t i ters .  The f ixed neu ramindase - t r ea t ed  t u m o r  cells became  non-  
oncogenic and  p ro t ec t ed  the  hos t  agains t  h igh  doses of fresh u n t r e a t e d  homologous  tumors .  

E x p e r i m e n t s  w i th  in v i t ro  assays have  es tabl ished 1 t h a t  
mos t  h u m a n  ma l ignan t  ceils conta in  cell-surface ant igens  
which  are e i ther  absen t  or p resen t  a t  v e r y  low concent ra -  
t ions  on the  surface of normal  ceils of t he  cor responding  
adul t  t issue. Some of these ant igens  can evoke a specific 
ce l l -mediated i m m u n i t y  d i rec ted  agains t  ma l ignan t  cells 
of cor responding  t issue type  3. Tumor  ceils t r ea t ed  wi th  
vibrio cholera neuramin idase  (VCD) have  been  used to  
immunize  mice~, ~ and  to cause remission of small  bu t  
progress ively  growing tumors~-L  Therefore,  the  p resen t  
inves t iga t ions  were a imed at  the  p repa ra t ion  of fixed, ant i -  
genic, non-oncogenic  cells t h a t  immunologica l ly  p ro t ec t  
the  hos t  agains t  spon taneous  m a m m a r y  adenocarc inoma  
and  agains t  sa rcoma P 1798. 
Materials and methods. Tumors  Sarcoma P 1798 and  spon-  
t aneous  m a m m a r y  adenocarc inoma were carr ied on in 2 
strains,  CFWl  and  BALB/c ,  18-20 g inbred,  b ro ther - s i s te r  
whi te  mice. Doses of 108 viable sarcoma cells, or 10 ~ viable 
adenocarc inoma  cells admin i s t re red  s.c.,  developed into 
solid t umors  in all the  inocula ted  mice and  killed the i r  
hos t s  in 21-28 days.  So far, no regression was observed  in 
mice inocula ted  wi th  each of these  2 strains.  
Cell p repara t ions .  Transp lan tab le  mouse sarcoma P 1798 
and spon taneous  m a m m a r y  adenoca rc inoma  cell suspen-  
sions in Eagle ' s  m i n i m u m  essent ia l  med ium (MEM) were 
p repa red  f rom f r agmen t s  of t u m o r  t issue as descr ibed in 
an earlier com m un ica t i on  s . For  frozen cell p repara t ion ,  
ceils were quickly  frozen in l iquid ni t rogen.  For  vacu u m 
dried cells, cells were quick-f rozen in ace tone -d ry  ice bat t l  
and dr ied  unde r  v a c u u m  while frozen. Formal in ized  cell 
p r epa ra t ions  were  made  b y w a s h i n g  the  cells w i th  0.85% 

NaC1 solution and  cent r i fuged a t  1500 r q m  for 10 min.  
10 volumes of 2% buffered formal in  were  added  to  the  
packed  cells which  were suspended  un i formly  b y  gentle 
s t i r r ing at  room t e m p e r a t u r e  for 10 h. Cells were  t hen  
washed  twice w i t h  0.85% NaC1 solut ion and  s tored at  10~ 
unt i l  r eady  for use. The, 2% buffered  formal in  conta ined  
per  1 20 ml of 40% formaldehyde ,  4g NaH~PO~.H20, 6.5 g 
Na2HPO 4 and  p H  ad jus ted  to  7.2. G lu ta ra ldehyde  cell 
p repara t ions  were made  by  wash ing  the  cells w i th  0.85% 
NaC1 solution,  t h e n  cent r i fuged a t  1500 r p m  for 10 min.  
10 volumes  of 0.2% buffered g lu ta ra ldehyde  were added  
to  t he  packed  cells which  were suspended  un i formly  by  
gent le  s t i r r ing a t  room t e m p e r a t u r e  for I h. Cells were then  
washed  twice wi th  0.85% NaC1 solut ion and s to red  at  
10~ unit i l  r eady  for use. The 0.2% buffered glutaral-  
dehyde  was m a d e  in p h o s p h a t e  buffer  and  ad jus ted  to 
p H  7.2. 
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Table 1. Effect of various treatments on spontaneous mammary adenocareinoma cells 
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Cell preparation Intact cells (0/0) Cytotoxieity of Agglutinin Oncogenic capacity* Protective capacity** 
trypan blue immune serum*** required at 104 cells 

Fresh (control) 96 -4- 5 1058 -4- 98 185 4- 13 10/10 0/10 
Frozen 23 • 3 414 J2 27 115 • 10 10/10 0/10 
Freeze dried 22 4- 4 217 ~= 17 296 -~ 24 10/10 0/10 
Neuraminidase (VCN) treated 98 4- 4 1976 • 127 495 • 38 2/10 8110 
VCN-treated-frozen 69 4- 5 1542 -~ 98 146 4- 12 2/10 8/10 
VCN-treated-freeze dried 61 • 5 2276 4- 196 287 4- 25 0/10 10/10 
Formalin (2%) treated 90 • 6 988 =~ 81 167 • 13 2/10 5/10 
VCN-treated-formalinized 98 4- 5 1773 i 113 334 4- 28 0/10 10/10 
Glutaraldehyde (0.2%) treated 99 ~- 6 1887 4- 118 394 4- 31 1/10 6/10 
VCN-treated glutaraldehyde 97 4- 7 3089 • 135 387 • 9 0/10 10/10 

* Oncogenic c~pacity expressed as number of animals died from tumor over number of animals treated with 104 viable intact cells. ** Protective 
capacity is expressed as number of animals that survived a second challenge dose of 108 viable intact tumor cells over total number of animals 
treated. ***Cytotoxicity of serum is expressed as the reciprocal of that dilution of seruln that kills 50% of the cells in the cytotoxicity assay 8. 

N e u r a m i n i d a s e  t r e a t m e n t .  Vibr io  cho le ra  n e u r a m i n i d a s e  
500 u n i t s  of e n z y m e / m l  w a s  used .  1 u n i t  of e n z y m e  ac t iv -  
i t y  is e q u i v a l e n t  to  t he  re lease  of 1 ~xg of N - a c e t y l n e u r a -  
min ic  acid f r o m  a g l y c o p r o t e i n  s u b s t r a t e  a t  p H  5.5 a t  37~ 
The  e n z y m e  i tself  is n o n - c y t o l y t i c  9 a n d  can  release sialic 
acid f r o m  b o t h  n o r m a l  a n d  m a l i g n a n t  cell su r f aces  a t  
phys io log ica l  p H  values1~ 11. T h e  s a r c o m a  or  t h e  m a m m a -  
r y  a d e n o c a r c i n o m a  cells were  i n c u b a t e d  w i t h  n e u r a -  
m i n i d a s e  (25 un i t s / 5  • 10 cells) a t  37~ for  1 h. Af t e r  in- 
c u b a t i o n ,  t h e  cells were  w a s h e d  3 t i m e s  in an  excess  of 
s u p p l e m e n t e d  E a g l e ' s  m e d i u m  a n d  f ina l ly  s u s p e n d e d  in 
t he  s a m e  m e d i u m .  I n  t h i s  c o m m u n i c a t i o n  the  n e u r a -  
m i n i d a s e - t r e a t e d  cells are d e s i g n a t e d  as  V C N - s a r  or  VCN-  
AdCa  for  t h e  s a r c o m a  or  t h e  m a m m a r y  a d e n o c a r c i n o m a ,  
respec t ive ly .  
I m m u n i z a t i o n .  G r o u p s  of 18-20 g of C F W  1 or  B A L B / c  
mice  were  i m m u n i z e d  w i t h  4 doses  of 10 2 v iab le  u n t r e a t e d  
s a r c o m a  or  a d e n o c a r c i n o m a  cells, t he  n e u r a m i n i d a s e -  
t r e a t e d  s a r c o m a  or  a d e n o c a r c i n o m a ,  or  f ixed cells g iven  a t  
week ly  i n t e r v a l s  for  4 weeks ,  a n d  a n t i s e r a  were  h a r v e s t e d  
b y  card iac  p u n c t u r e  1 w e e k  a f t e r  t h e  las t  i m m u n i z i n g  
dose.  Af t e r  i n a c t i v a t i o n  of c o m p l e m e n t  b y  h e a t i n g  a t  
56~ for  45 min .  A n t i s e r a  were  a s s a y e d  for  c y t o t o x i c i t y  
a g a i n s t  t h e  s a r c o m a  a n d  a d e n o c a r c i n o m a  v iab le  cells. 
P r o t e c t i v e  c a p a c i t y  of t h e  v a r i o u s  cell p r e p a r a t i o n s  w a s  
assessed  b y  in j ec t i ng  s.c.  10 3 cells, t h e n  21 d a y s  l a t e r  t he  
a n i m a l s  rece ived  103 v iab le  a d e n o c a r c i n o m a  or  s a r c o m a  

cells. 30 d a y s  later ,  a s econd  cha l l eng ing  dose  of t h e  
v i ab le  f r e sh  u n t r e a t e d  t u m o r  cells w a s  g iven  to  t he  su r -  
v i v i n g  an ima l s .  
Results and discussion. V a r i o u s  p r o c e d u r e s  were  used  to  
p r e s e r v e  t h e  b io logica l  a n d  i m m u n o l o g i c a l  in t eg r i t i e s  of 
t h e  su r face  of t r a n s p l a n t a b l e  s a r c o m a  P 1798 a n d  s p o n t a -  
n e o u s  m a m m a r y  a d e n o c a r c i n o m a  cells. F r e s h  u n t r e a t e d  
a n d  n e u r a m i n i d a s e - t r e a t e d  t u m o r  cells we re  f rozen,  dr ied  
a n d  f ixed w i t h  f o r m a l i n  a n d  w i t h  g l u t a r a l d e h y d e .  I n  
ear l ie r  s tud ies ,  t r e a t m e n t  w i t h  n e u r a m i n i d a s e  w a s  s h o w n  
to  inc rease  t h e  cell su r face  an t igen i c  d e t e r m i n a n t s  12. N e u -  
r a m i n i d a s e  t r e a t e d  cells were  less oncogenic ,  m o r e  p ro -  
t ec t ive  a g a i n s t  h o m o l o g o u s  t u m o r s ,  a n d  p r o d u c e d  a n t i s e r a  
w i t h  h i g h e r  c y t o t o x i c  t i t e r s  t h a n  the  u n t r e a t e d  cells. B o t h  
u n t r e a t e d  or  n e u r a m i n i d a s e  t r e a t e d  t u m o r  cells, w h e t h e r  
fo rma l in i zed  or  f ixed w i t h  g l u t a r a l d e h y d e  d e m o n s t r a t e d  
ab i l i t y  to exc lude  t r y p a n  b lue  dye.  Cells s u b j e c t e d  to  
f reez ing  s h o w e d  a m a r k e d l y  r e duce d  c a p a c i t y  to w i t h s t a n d  
p e r f u s i o n  b y  the  dye.  There fo re ,  f o r m a l i n -  or  g l u t a r a l -  
d e h y d e - f i x e d  cells m a i n t a i n  g ross  m e m b r a n e  s t r u c t u r e  to  
t h e  e x t e n t  t h a t  t h e y  are  c a pa b l e  of e x c l u d i n g  t r y p a n  b lue .  

9 P .K .  Ray, H. Gewurz and R. L. Simnlons, Clin. exp. hnmun. 
11,441 (1972). 

10 P.K.  Ray and R. L. Simmons, Clin. exp. Immun. 10, 139 (1972). 
11 P .K.  Ray and R. L. Simnlons, Cancer Res. 38, 936 (1973). 
12 A.A. Hakim, Int. Res. Commun. Syst. 2, 1148, 1714 (1974). 

Table 2. Effect of various treatments on sarconla P 1798 cells 

Cell preparation Intact cells (%) Cytotoxoeity of Agglutinin Oncogenic capacity* Protective capacity** 
trypan blue immune serum*** required at 104 cells 

Fresh (control) 98 • 5 1273 -+- 112 172 -4- 12 10/10 0/10 
Frozen 28 i 3 398 4- 25 98 4- 8 10/10 0/10 
Freeze dried 27 • 5 197 • 3 218 i 21 10/10 0/10 
Neuraminidase (VCN)-treated 99 4- 4 2089 4- 132 478 4- 35 3110 7/10 
VCN-treated-frozen 76 • 7 1876 • 116 131 4- 10 4/10 7110 
VCN-treated-freeze dried 68 • 5 2368 ~- 147 327 ~c 26 0/10 10/10 
Formalin (2%) treated 88 • 5 1087 • 85 158 • 15 4/10 6/10 
VCN-treated-formalinized 95 4- 5 1687 4- 107 375 4- 32 1/10 9/10 
Glutaraldehyde (0.2%) treated 98 • 5 1768 • 114 427 • 36 3/10 7/10 
VCN-treated-glytaraldehyde 99 i 5 2203 + 123 527 + 48 1/10 10/10 

* Oncogenic capacity is expressed as number of animals died from tumor over number of animals inoculated with 104 viable intact tumor cells. 
** Protective capacity is expressed as number of animals survived a second challenge dose of 106 viable intact tunlor cells over the total 
number of animals treated. *** Cytotoxicity of serum is expressed as the reciprocal of that dilution of serum that kills 50% of the cells in the 
cytotoxicity assay 8. 
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D a t a  in tab le  1 for the  spon taneous  adenocarc inoma  and  
tab le  2 for t he  sa rcoma P 1798 indicate  t ha t ,  a t  least  w i th  
respect  to  cy to tox ic i ty  the  f ixed cells p rovoke  a s imilar  
i m m u n e  response.  High  t i te rs  agains t  t he  adenocarc inoma  
or the  sa rcoma cells were ob ta ined  f rom animals  immunized  
wi th  e i ther  formal in  or g lu ta ra ldehyde  f ixed cells. In  con- 
t r a s t  immun iza t i on  wi th  frozen or freeze dr ied  un t r ea t ed  
cells led to  m u c h  lower cy to tox ic  t i ters .  The t i t e r s  ob ta in -  
ed af ter  immuniza t ion  wi th  f ixed cells suggest  t h a t  the i r  
immunologica l  po ten t i a l  is no t  compromised  and  hence  
t h a t  the i r  immunologic  d e t e r m i n a n t s  are largely  in tac t .  
These f ixed cells are clearly no t  viable  cells, ye t  t h e y  
ma in t a in  immunogenec i t y  to  a far grea ter  e x t e n t  t h a n  the  
cells r endered  non-v iab le  b y  freezing and  subsequen t  
t hawing  or by  freeze drying.  This  suggest ion is also sup-  
po r t ed  b y  the  fact  t h a t  the  f ixed cells were non-oncogenic  
and p ro t ec t ed  agains t  large doses of viable  u n t r e a t e d  
homologous  t u m o r  cells. 
The above  evidence suggests  t h a t  formal in  or glutaral-  
dehyde  f ixa t ion  of neuramin idase  t r ea t ed  ceils resul ts  in 

cell p rese rva t ion  w i t h o u t  a l te ra t ion  of ant igeneci ty .  Al th-  
ough the  use of l iquid n i t rogen  freezers for slow cooling, 
w i th  concur ren t  use of p rese rva t ives  such as d i me thy l  
sulfoxide 13 m a y  resul t  in immuniz ing  cell p repara t ions  of 
equ iva len t  eff icacy to  t h a t  of fresh ceils, formal in  or 
g lu ta ra ldehyde  f ixa t ion  of neu ramin idase - t r ea t ed  malig-  
n a n t  cells is a s imple technique .  In  addi t ion ,  w i th  respec t  
to  an imal  or h u m a n  tumors ,  a s tock of cell can  be har -  
ves ted  whenever  t he  t umors  a r e  available,  or a t  a specific 
po in t  in t ime,  t r e a t ed  immedia te ly  w i th  neuraminidase ,  
f ixed wi th  e i ther  formal in  or g lu ta ra ldehyde ,  and used as 
a co n s t an t  source of immuniz ing  ceils wi th  avoidance  of 
possible immunogen ic  a l te ra t ion  of cell lines ma in t a ined  
in culture.  The use of neuramin idase- f ixed  t u m o r  cells as 
a source of an t igen  in de tec t ion  of autologous immuno-  
globulins or in t he  ear ly  de tec t ion  of neoplas t ic  prolifera-  
t ion  is under  invest igat ion.  

13 M.J .A .  Smith, Blood 23, 494 (1964). 

I n d u c t i o n  of m a l i g n a n t  s k i n  t u m o r s  in m i c e  by  top ica l  app l i ca t ion  of e t h y l n i t r o s o u r e a  1 

A. F. Pelfrene 3, a 

The Eppley Inst i tute/or Research in Cancer, University o/Nebraska Medical Center, d2nd and Dewey Avenue, 
Omaha (Nebraska 68105, USA),  27 September 1976 

Summary. A high percen tage  of squamous  cell carc inomas  were induced in the  skin of Swiss -Webster  mice by  repea ted  
topical  appl ica t ion  of e thyln i t rosourea ,  indicat ing t h a t  th is  n i t rosamide  possesses a p o t e n t  carcinogenic act ion when  
topica l ly  applied.  

W i t h  the  except ion  of me thy ln i t rosourea  (MNU) 4 mos t  
o therwise  carcinogenic n i t roso-compounds  have  no t  been  
p roven  to  be effect ive skin carcinogens in l abora to ry  
animals  5-7, when  topica l ly  applied,  despi te  t he  fact  t h a t  
these  subs tances  do no t  require  any  metabol ic  ac t iva t ion  to 
exer t  the i r  ac t iv i ty  7. We  r epor t  the  resul ts  of a sucessful 
a t t e m p t  to  induce ma l ignan t  t umors  in mouse  skin by  
repea ted  appl ica t ion  of 1 -e thy l - l -n i t rosourea  (ENU) di- 
rec t ly  on skin. 
52 r a n d o m l y  b red  8-week-old Swiss-Webster  mice (27 
males and 25 females) were housed b y  sex in groups of 
10 in clear plast ic  cages on San-i-cell  bedding.  They  were 
given W a y n e  pel le ted diet  (Allied mills, Chicago, Illinois) 
and t a p  wa te r  ad l ib i tum and were ma in t a ined  unde r  
s t anda rd  hygienic condi t ions  (cons tant  t e m p e r a t u r e :  
22 =E 2~ and humid i ty ;  12 h of artificial  l ight  per  per iod 
of 24 h). The in te rscapula r  region was shaved  (2.5 cm ~) 
and 33.4 [xl of a 1:% solut ion of E N U  (0.334 [xg) in pure  
dist i l led acetone (free of con t amina t i on  by  polycyclic 
a romat ic  h y d r o c a r b o n s - P A H  ) was appl ied topical ly  twice 
a week for 20 consecut ive  weeks wi th  an au toma t i c  dis- 
penser  (Hami l ton  Co., Whi t t i e r ,  Calif.). The  to ta l  dose of 
E N U  received by  each individual  an imal  was 13.34 mg. 

The solut ion of E N U  in ace tone  was p repa red  f resh ly  
immed ia t e ly  pr ior  to  each t r e a t m e n t  (pH 6.8-7.2 a t  room 
tempera tu re ) .  The animals  were t h e n  observed dai ly for 
appearance  and recording of tumors .  They  were al lowed 
to  die spon taneous ly  or were killed when  mor ibund.  All 
were au tops ied  and  all t issues and tumors  were observed  
microscopical ly.  
A group of 80 mice (40 males  and 40 females  of same age 
and  origin) were used as u n t r e a t e d  controls  and main-  
t a ined  under  the  same condi t ions  as the  t e s t  animals.  A 
to t a l  of 34 skin t u mo r s  (65.4% of all animals) were ob-  
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Sex Total No. of No. of squalnous 
skin tumors cell carcinomas 

A % squamous cell carcinomas, Survival time (weeks) b 
Treated Controls 

A % survival time~ 

Males 21 (77.8%) a 16 (59.2%) e 43.5 • 12.7 81.0 • 17.4 -46% 

+ 23.4% 

Females 13 (52,0%) a 12 (48.0%) e 53.7 4- 15.3 89.0 i 21.8 -40% 

% increase of squamous cell carcinomas in males over females, bMean -4- SE. o Percent decrease in survival time of treated over controls. 
a, e Percent of total number of animals in the group. 


